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I normalize  wide  inpul  signal  variations  into  predictable  small  output 
variations.  AGC  has  application  to  radio,  television,  and  ndar  systems. 
The  AGC  loop  will  normalize  the  received  signal  in  a radio  to  keep  the 
sound  level  constant  and  independent  of  input  signal  level;  in  a radar 
receiver  the  ACC  loop  will  normalize  the  input  signal  prior  to 
directkm-of-arrivai-signal  processing.  It  is  not  uncommon  for  an  AGC 
loop  to  compress  a 60-dBin  input  dynamic  range  into  a 1-dBm  output 
variation. 

(Uf3fhis  book  covers  all  aspects  of  ACC  design;  from  static 

regulation  to  dynamic  regulation  (modulation  reduction)  to  loop 
bandwidth  and  rise  time.  The  theory  presented  is  practical  and  is  aimed 
at  the  working  level  engineer  or  technician.  All  equations  are  verified 
with  practical  design  examples,  and  although  the  material  addresses  radar 
applications,  the  theory  and  techniques  are  valid  for  any  AGC  system, 
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Preface 


Automatic  gain  control  is  used  in  virtually  every  radio  and  TV  receiver 
and  in  various  radio  frequency  test  instruments.  In  addition,  many  radar 
receivers  employ  AGC  prior  to  signal  processing.  One  could  assume,  with 
the  wide  applications  for  AGC,  that  the  design  principles  would  be  widely 
publicized.  This,  however,  is  not  the  case.  There  appears  to  be  no  single 
reference  devoted  to  this  important  topic. 

This  book  presents  all  pertinent  aspects  of  AGC  analysis  and  design  as 
applied  to  radar-type  receivers,  from  static  regulation  to  dynamic 
regulation  (modulation  reduction),  to  loop  bandwidth  and  rise  time.  The 
theory  presented  is  equally  valid  for  communication  and  TV  receivers. 
The  effect  of  detector  type,  linear  and  square  law,  on  AGC  action  is 
covered  in  detail,  and  the  theory  presented  is  verified  with  a simple  test 
circuit.  The  results  are  summarized  in  easy  to  use  design  charts  (Figures 
20  and  21). 

Several  practical  applications  are  presented  in  Chapter  2,  using  the 
theory  developed  in  Chapter  1 . These  applications  include  scanning  beam 
radar  AGC,  conical  scan  radar  AGC,  and  a simple  AGC  loop  employing 
only  one  operational  amplifier.  A method  to  minimize  the  effect  of  input 
signal  step  on  AGC  loop  rise  time  is  also  presented.  These  examples  are 
not  meant  to  be  an  exhaustive  design  dissertation,  but  are  presented  only 
as  possible  solutions.  The  individual  designer  still  has  complete  control  in 
the  circuit  design,  but  now  at  last  through  the  techniques  presented  here, 
he  has  an  analytical  head  start  in  optimizing  the  AGC  loop  for  his 
individual  needs. 


Richard  Smith  Hughes 
China  Lake,  Calif. 
April  1977 
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Basics  of  Automatic  Gain  Control 


INTRODUCTION 

Many  radars  employ  automatic  gain  control  (AGC)  to  normalize  the 
.ved  signal  prior  to  signal  processing  (i.e.,  range  tracking,  signal 
acquisition,  direction  finding,  etc.)  as  shown  in  Figure  1.  As  the  received 
input  signal  varies,  the  input  to  the  intermediate  frequency  (IF)  amplifier 
changes  by  the  same  amount.  The  AGC  loop  notes  the  changes  and  varies 
the  gain  of  the  IF  amplifier  in  such  a way  that  the  output  of  the  detector 
remains  constant  (the  AGC  voltage  could  also  vary  the  gain  of  the  radio 
frequency  (RF)  amplifier). 

Figure  2 illustrates  the  basic  components  of  AGC  tracking  loops 
(continuous  wave  (C W)  inputs  will  be  assumed  for  now;  however, 
operation  with  pulse  inputs  is  basically  the  same  and  will  be  covered 
later).  The  only  difference  between  Figures  2a  and  2b  is  that  one  uses  a 
low-pass  filter  (LPF)  and  the  other  an  integrator.  The  differences  between 
these  two  techniques  will  be  discussed  shortly. 

The  configurations  of  Figure  2 are  quite  general  in  that  most  AGC 
loops  can  be  reduced  to  the  components  illustrated  (necessary  pulse 
stretching  and  timing  circuitry  for  pulse  AGC  operation  are  not  shown  in 
the  interest  of  simplicity).  The  input  signal,  />in(dBm),*  is  amplified  by 
the  variable  gain  IF  amplifier.  The  variable  gain  IF  output  may  be 
amplified  or  attenuated,  depending  on  the  wanted  normalized  output 

•For  typographical  reasons  expressions  such  as  Pin | dBm  and  are 

presented  as  />in(dBm)  and  F^^(dBm)  in  this  book. 
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LOCAL 


FIGURE  1.  Basic  Radar  Receiver. 


P^ldBm)  A^ldBrn)  e/V  ec 


FIGURE  2.  Basic  Components  of  Automatic  Gain  Control  (AGC) 
Tracking  Loops,  (a)  Low-pass  filter,  (b)  integrator. 


power,  PQ  ^(dBm),  and  detector  input  power,  PpD  N{ dBm).  The  detected 
signal  is  amplified  by  the  video  amplifier,  Av,  compared  with  a reference 
voltage,  ZTRe f,  and  again  amplified  by  the  error  amplifier,  Ae.  The 
resultant  voltage  drives  the  variable  gain  IF  AGC  input. 

,f  P in(dBm)  should  increase,  /^(dBm),  /^(dBm),  and  thus  the 
normalized  video  voltage,  eN , would  increase,  increasing  the  AGC  voltage, 
and  thus  decreasing  the  gain  until  eN  - iTRef. 
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Three  basic  parameters  define  the  operation  on  an  AGC  loop: 

1.  Static  regulation  is  the  capability  to  compress  large  input  variations 
into  small  output  variations.  This  is  the  same  concept  as  regulation  in  a 
regulated  power  supply.  This  compressed  output  variation,  AF^dBm), 
divided  by  the  input  variation,  APin(dBm)  is  called  the  compression  ratio 
(CR). 


CR  = 


AF//r(dBm) 

A/UdBm) 


2.  Dynamic  regulation  is  the  capability  of  an  AGC  loop  to  reduce  the 
dynamic  input  modulation  appearing  at  the  output,  P/F(dBm),  and  is 
called  the  input  modulation  reduction  (1MR).  This  quality  is  especially 
important  in  conical  scan  radars.  IMR  is  dependent  on  the  loop  gain  (LG) 
of  the  AGC  loop  and  may  be  given  as 


IMR  = 


1+Z.G 


The  AGC  loop  output  modulation  ( M0 ) may  be  given  as 


M0  = (IMR)M, 


where  Mj  is  the  input  modulation.  Thus  a small  IMR  is  wanted  (large 
loop  gain). 

3.  Loop  rise  time  (rr)  is  the  10  to  90%  loop-response  time  due  to  a 
step  change  in  input  power. 

These  three  parameters  will  be  discussed  thoroughly  in  the  next 
sections. 


Static  Regulation 

Assume  that  the  variable  gain  IF  amplifier  has  a variable  gain 
characteristic  as  illustrated  in  Figure  3.  (Most  variable  gain  IF  amplifiers 
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FIGURE  3.  IF  Amplifier  Gain  Versus  AGC  Voltage. 


have  a fairly  linear  relationship  between  gain  (dBm)  and  AGC  voltage.) 
The  equation  relating  IF  gain  to  AGC  voltage  is 


Ajfi&Bm)  = /40(dBm)  -X(AGC)  (1-4) 

where 

X = variable  gain  slope  in  dBm/V 

/40(dBm)  = maximum  gain 

Defining  gain  in  decibels  with  reference  to  I milliwatt  (dBm)  bears 
some  explanation.  AGC  loops  involve  power  levels  and  ratios  in  the  IF 
and  detector  portion  and  voltage  levels  and  ratios  in  the  video  (or 
postdetection)  portion.  To  avoid  confusion,  power  gains  and  amplitudes 
will  be  specified  in  dBm  and  voltage  gains  and  amplitudes  in  decibels  with 
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reference  to  1 volt  (dBV)-  Appendix  A summarizes  power-voltage 
relationships. 

One  primary  function  for  an  AGC  loop  is  that  it  keep  the  output 
power,  /^(dBm)  (or  video  voltage,  eN)  normalized  to  within  a specified 
amount,  AF//?(dBm),  or  Ae)y(dBV),  despite  large  variations  in  the  input 
power,  A/^dBm).  The  predetector  amplifier  may  be  necessary  to  ensure 
that  the  detector  is  operated  at  the  desired  level,  linear  or  square  law  (see 
Appendix  B for  detector  characteristics  pertinent  to  AGC  design). 

The  static  regulation  characteristics  of  the  LPF  AGC  (Figure  2a)  will 
now  be  discussed.  Compression  ratio  has  been  defined  in  Equation  1-1.  In 
Appendix  C*  we  solve  for  A/^dBm)  as  a function  of  detector  type, 
linear  (Lin)  or  square  law  ( SL ),  and  the  results  are 


^Vf.sl(dBm)  - 10  log 


Afin(dBm) 

XAtAteN 


^*IF,  L in  (dBm)  = 20  log 


~Aflp(dBm) 

,XALAttN 


(1-5) 


(1-6) 


Thus,  to  minimize  the  change  in  output  power,  eN,  AL  and  Ae  must 
be  made  as  large  as  practical  (X  is  assumed  constant  for  a given  IF 
amplifier). 

Solving  Equations  1-5  and  1-6  for  ALAteN, 


(ALAteN)SL 


( AtsAteN)un 


APin(dBm) 

/ tsP,p(  dBm)  \ 

^10  io  - 1 J 


AFin(dBm) 

/ bP jpjiBm)  \ 

\ 10  20  - ! J 


(1-7) 


(1-8) 


* Derivations  are  given  in  Appendix  C. 
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Thus,  since  we  know  X and  AP//r(dBm),  the  necessary  ALAeeN  may 
be  found.  The  usefulness  of  these  equations  is  illustrated  by  the  following 
example. 

Example  Assume  that  maximum  deviation  in  output  power  of  1 
dBm  for  an  input  power  variation  of  50  dBm  is  wanted.  The  variable  gain 
slope,  X,  is  20  dBm /V. 

a.  Square  law  detector  (Equation  1-7): 


CR  = 1/50  = 0.02 


(1-9) 


(A6AeeN)SL 


(1-10) 


or 


(AtA tes)sL  ~ 966 


(1-11) 


since 


eN  = AveDN 


(A&AeAveD.N)SL  * 9 66 

Assuming  that  eD<N  * 10  mV  (a  reasonable  value  for  a square  law 
detector), 

A^AfAy  m 965  (1-13) 
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or,  in  terms  of  dBV, 

(A  &AfAv )$£ (dB V)  = 20  log  965  = 59.7  dBV  (1-14) 

b.  Linear  detector  (Equation  1-8) 

50 

^ tAeeN^Lin  ~ / _|_  \ (1*^5) 

(l020  -i/ 


Of 


i.AtAteN)Un  = 20.49 


(1-16) 


Assuming  that  eD  N - 150  mV  (again  a reasonable  value  for  a linear 
detector), 

A^AeAv  = 136.6  (1-17) 


or 


(A6AeAy)Li„(dBV)  * 20  log  136.6  * 42.7  dBV  (1-18) 


It  is  apparent  that  a linear  detector  requires  less  gain  than  a square  law 
detector.  This  may  be  useful  if  the  AGC  loop  must  be  DC-coupled  (as 
would  be  the  case  for  a continuous  wave  AGC  loop);  however,  the  IF 
amplifier  (or  predetector  amplifier)  must  be  capable  of  providing  the 
necessary  power  to  keep  the  detector  in  the  linear  region. 

To  illustrate  the  discussion  presented  thus  far,  consider  the  following: 
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Minimum  input  for  AGC  action  Pin  min(dBm)  = -70  dBm 
(or  AGC  delay) 

Minimum  output  under  AGC  PJF  min(dBrn)  = -0.5  dBm 

action 


Maximum  output  under  AGC  P1F,  max(dBm)  = +0.5  dBm 

action 

Maximum  input  for  AGC  action  'in,  max(dBm)  = -20  dBm 

(or  AGC  dropout  level) 

The  input  dynamic  range  is 


~ ^in.max^Bm)  ” 'in,min(^®m)  ~ ^0  dBm  (1*19) 


and  the  output  dynamic  range  is 


A'o(dBm)  = />/f.,nux(dBm)  - PIFttnin( dBm)  = 1 dBm  (1-20) 


Thus  the  compression  ratio  is 


Afy*  dBm) 
A/>i„(  dBm) 


= 0.02 


(1*21) 


or,  the  output  increases  0.02  dBm  for  each  1 dBm  increase  on  the  input. 

Figure  4 illustrates  the  characteristics  of  the  AGC  system  just 
presented. 

This  discussion  has  been  for  the  AGC  of  Figure  2a.  Figure  2b 
illustrates  an  AGC  loop  incorporating  a true  integrator.  A true  integrator 
has  near  infinite  gain  at  low  frequencies;  therefore,  under  normalized, 
nonmodulation  inputs,  e(  * 0.  Thus, 
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INPUT  POWER  (P|N),  dBm 
FIGURE  4.  Typical  AGO  Characteristics. 


AP/F(dBm)  2 0 (1-22) 

and  perfect  regulation  is  obtained  (further  in  the  chapter  the  theoretical 
equations  presented  will  be  verified  with  a practical  example). 

The  next  section  will  present  the  behavior  of  the  AGC  loop  illustrated 
in  Figure  2,  under  input  modulation  conditions. 


Dynamic  Regulation 

Figure  5 illustrates  the  AGC  loop  of  Figure  2a  in  classical  feedback 
form.  Using  conventional  feedback  theory,  Oliver1  has  shown  that 


^ifiPP)  1 /Aein(/>M 
eIF{PF)  = l+AB  \ein(PP)) 


1 B.  M.  Oliver.  “Automatic  Volume  Control  as  a Feedback  Problem,’’ 
Proceedings  of  the  IRE.  April  1948,  pp.  466-73. 
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•ifW 


FIGURE  5.  Block  Diagram  of  Feedback  Amplifier. 


where 

eIF<PP)  - peak-to-peak  IF  output  voltage 
A eipiPP) 

eIF{PP)  = P*10'01  of  outPut  modulation  (Af0) 


‘inm 


(100)  * percent  of  input  modulation  (Mf) 


AB  * loop  gain  (LG) 

Now  Equation  1-23  may  be  written  as  (assuming  LG  » 1) 

M, 

M IF  * Zc  O'24) 

or  the  output  modulation,  of  the  IF  amplifier,  is  reduced  by  the  inverse 
of  the  loop  gain.  Thus  the  input  modulation  reduction,  IMR,  is  (for  large 
loop  gains) 
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IMR  a 


1 

LG 


and 


Mif  = /MR  (M/) 


(1-25) 


(1-26) 


The  loop  gain  may  be  found  (for  constant  input  power)  by  breaking 
the  AGC  input  to  the  variable  gain  IF  amplifier  and  modulating  this 
voltage.  The  loop  gain  is  thus  the  modulated  output  voltage,  A4GC\ 
divided  by  the  modulated  AGC  voltage,  bAGC,  as  illustrated  in  Figure  6.* 
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Aa  gc  ~ dynamic  AGC  gain,  bejf(PP)l&AGC  (V/V) 

Apo  - predetector  gain,  tepD(PD)/he/p{PP)  (V/V) 

Ad  = dynamic  detector  gain,  £*D/&ePD(PP)  (V/V) 

Av  - video  gain,  &eNlbeD  (V/V) 

A&  = differencing  gain  Ae#/Ae  (V/V) 

Ae  = error  gain  A AGC'lhee  (V/V) 

The  dynamic  AGC  gain  is  a nonlinear  quantity,  but  for  small  values  of 
LAGC  may  be  given  as  (Appendix  D) 

A AGC  - 0.115  X eJF(PP)  (V/V)  (1-29) 

The  dynamic  detector  gain  is  also  nonlinear;  however,  it  may  also  be 
assumed  linear  over  small  values  of  A epD(PP).  The  dynamic  detector  gain 
for  a square  law  detector  (Appendix  B)  may  be  given  as 

Apd  - 2KSLePD(PP)  (V/V)  (1-30) 

where  *SL  » a detector  constant. 

Substituting  Equations  1-29  and  1-30  into  1-28, 

LGsl  •[OM5XetF(PP)]ApD2KSLePD(PF)AvALAt  (1-31) 

However,  since 


*IF(PP)  “ tpD^IApo 


0-32) 
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Equation  1-31  may  now  be  written  as 

LGsl  - 0.1 15  X\ttD{PP)flKSLA,AhA,  (1-33) 

The  detector  output,  eD , is  (Appendix  B) 
eD  = KsL[ePD(pf>)]2 

thus,  under  normalized  conditions,  eD  - eD  N,  and 

LGsl  9 XAyAfiAgej)  N (1-34) 

or,  since 

eN  9 eD.NAv  (1-35) 

LGsl  - 0.23X4AA,eiV  (1-36) 

Equation  1-36  is  simple,  but  very  accurate,  as  will  be  shown. 

Using  the  same  methods,  but  for  a linear  detector  (Appendix  B), 

AD,Lin  * *Lin  0*37) 

and 

eD,Lin  9 *Lln  ePZ>W  (1-38) 

Thus  the  loop  gain  becomes 

IS 
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LGLin=0A2XA/,AeeAf 


(1-39) 


The  loop  gain  will  now  be  found  for  the  problem  described  in  the 
example  on  pages  8 and  9. 

a.  Square  law  detector:  A^AeeN  - 9.66 
*=20  dBm/V 


or 


LGsl  = (0.23X20)  9.66  (1-40) 

LGsl  = 44.4  (32.9  dBV)  (141) 


b.  Linear  detector:  ALAte^  = 20.49 
*=20  dBm/V 


LGUn  = (0.12)  (20)  (20.49) 

or 


(142) 


LGLin  = 49.2  (33.8  dBV) 


(M3) 


From  Equations  1-S  and  1-36  it  can  be  seen  that  the  loop  gain  and 
static  regulation  (A///XdBm))  are  dependent  on  XA^AeeN\  thus,  for  a 
given  IF  amplifier  A^Ae  can  be  maximized  to  give  the  necessary  loop 
gain: 


T A/’infdBm)  1 


(144) 

mr.^  qoo!  lv«ai  ’ 
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and 


LGgi  - 0.23  XAfrAeefl 


(1-45) 


Solving  Equation  1-45  for  AtAeeN, 
LG §L 

A*A'Cn  = 0.23X 

and  substituting  into  Equation  1-44, 


.23  A/’inCdBm) 

= *0  log  | +1 


j^o.: 


] 


For  the  linear  detector  this  equation  becomes 


^>/F.Lin(dBm)  = 10  1°8 


|^0.12  A/>in(dBm)  +jj 


(1-46) 


(1-47) 


d-48) 


Thus  the  loop  gain  uniquely  determines  the  static  regulation. 
Conversely,  the  static  regulation  uniquely  determines  the  loop  gain,  as 
shown  below. 

Solving  Equation  1-44  for  ALAteN, 


AaAteN,SL 


A/^dBm) 


/ A^ptdBm)  \ 

\10  »o  -1/ 


(1-49) 


Substituting  Equation  1-49  into  1-45, 


LGsl  - 0.23 


Afin(dBm) 
bP lp(dBni) 

Lio  10  -l 
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and  for  the  linear  detector, 


LGUn  = 0.12 


' APin(dBm) 

A/> ^p(dBm) 

.10  20  -1. 


0*51) 


Thus  if  one  is  designing  for  a given  static  regulation,  he  has  no  control 
over  loop  gain,  and  vice  versa. 

The  dynamic  regulation  for  the  true  integrator  AGC  loop  of  Figure  2b 
is  similar  to  the  low-pass-filter  loop,  except  that  the  loop  gain  must  be 
multiplied  by  the  frequency-dependent  gain  of  the  integrator,  AJnr 


AJnt  - Zf/R  (1-52) 

where 

ZF  = -//2ir/C  (1-53) 


or 


Ajnt  * 1/2 nfCR  Lr 90  degrees 


0*54) 


where  the  -90-degree  phase  shift  is  due  to  the  -/  term  of  the  capacitor. 
Thus, 


0.036  XAtA,eN 

LG c#  = 

SL  fCR 


(1*55) 


and 
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LGUn  = 


0.018  XA^AteN 
JCR 


(1-56) 


The  frequency  response  for  the  low-pass-filter  loop  will  be  determined 
by  the  low-pass  filter  (assuming  that  the  open  loop  frequency,  neglecting 
the  filter,  is  much  longer  than  the  filter  frequency  response,  which  is 
usually  the  case).  Frequency  response  is  covered  in  Chapter  2. 


Loop  Rise  Time 

The  loop  rise  time,  rr,  is  defined  as  the  10  to  90%  AGC  response  time 
to  step  changes  in  input  power.  The  rise  time  is  dependent  on  the 
nonlinear  characteristics  of  the  detector;  thus  the  equations  presented 
here  (see  Appendix  E for  the  derivation)  are  valid  only  for  small  input 
steps  (less  than  ±2  dBm).  In  Chapter  2 methods  to  improve  this  limitation 
are  discussed. 

The  rise  times  for  the  integrator  and  low-pass-filter  loops  are  the  same, 
and  may  be  given  as 


9.14  RC 
Tr  SL  " XAlA'€N 


(1-57) 


Tr,Lin 


18.3  RC 
XAtAteN 


(1-58) 


As  can  be  seen,  the  loop  rise  time  is  also  dependent  on  XA^AteN. 
However,  the  rise  time  can  be  calculated  independently  in  terms  of  R and  C. 

The  rise  times  given  in  Equations  1-57  and  1-58  are  for  CW  inputs. 
What  is  the  rise  time  if  the  loop  is  for  pulses  rather  than  CW?  Chapter  2 
will  discuss  a pulse  AGC  loop;  however,  the  effect  a pulse  AGC  loop  has 
on  rr  is  quite  easy  to  determine.  Figure  7 illustrates  a basic  pulse  AGC 
loop,  and  the  pertinent  timing  is  shown  in  Figure  8. 
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FIGURE  7.  Basic  Pulse  AGC  Block  Diagram. 


INPUT  PULSE  Tr  aim  ft* PR  I-  -n 


Jl_ 


PULSE  STRETCHER  r 
OUTPUT  _J 


1 


J 


1 


PULSE  STRETCHER  _ 

RESET  IL 


A 


INTEGRATOR  UPDATE  

pulse  F»ruH J [ 


FIGURE  8.  Basic  Pulse  aGC  Timing. 


The  operation  of  the  pulse  AGC  loop  is  simple;  the  input  pulse  is 
amplified,  detected,  stretched,  and  compared  to  the  reference  voltage, 
^Ref-  The  amplified  video  also  triggers  a comparator  (threshold)  that 
initiates  the  timing.  The  integrator  update  switch  is  closed  for  a given 
period,  Tu,  every  pulse;  thus  the  integrator  is  only  allowed  to  update  the 
AGC  loop  during  Tu.  The  effective  time  constant  (Tpuise)  for  the 
updated  integrator  is 


(1-59) 


The  update  duty  cycle,  D,  may  be  given  as 
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D = 


T 

Iu 

PRI 


(1-60) 


Thus  Equation  1-57  may  be  written  as 


r 

'pulse  ~ D 


d-61) 


All  equations  thus  presented  for  loop  rise  time,  rr,  may  now  be  given 
in  more  general  terms  as 


Jr,SL 


9.14  RC 
XA^AfeflD 


(1-62) 


18.3  RC 

r,-Un  = XALA,eND 


0-63) 


It  is  obvious  from  Equations  1-62  and  1-63  that  the  loop  rise  times  will 
be  increased  for  decreased  duty  cycle. 

It  should  be  noted  that  sampling  the  AGC  loop  makes  it  a sampled 
data  system.  This  publication  will  assume  that  any  input  modulation 
frequency  is  much  smaller  (by  at  least  10)  than  the  sampling  rate,  or  PRF 
in  pulsed  AGC.  If  this  condition  is  not  met,  our  equations  fall  apart. 

AUTOMATIC  GAIN  CONTROL  DESIGN 
VERIFICATION 

The  preceding  section  presented  the  equations  that  characterize  an 
AGC  tracking  loop.  In  this  section  we  will  verify  these  equations  using  a 
simple  AGC  tracking  loop.  Nonideal  parameters  will  be  discussed  (i.eM  the 
IF  amplifier's  variable  gain  slope,  X , is  not  linear  over  the  full  AGC 
range),  and  practical  design  equations  will  be  presented  with  these 
nonideal  parameters  in  mind. 
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Square  Law  Detector  Test  Grcuit 


Figure  9 illustrates  the  circuit  used  to  validate  the  equations  already 
presented.  The  philosophy  here  is  to  analyze  an  existing  AGC  loop  to 
verify  the  equations  rather  than  verify  by  design  (Chapter  2 presents  the 
design  for  several  practical  AGC  loops).  The  square  law  detector  will  be 
discussed  first,  then  the  linear. 

Figure  10  illustrates  the  square  law  characteristics  for  the  detector  used 
(see  Appendix  B for  a discussion  of  detector  characteristics).  A 
normalized  video  reference,  eN,  of  - 1 volt  will  be  used;  thus  the  detector 
output,  eD,  is 


eD  ~ eNlAv 


(1*64) 


or,  since  Av  - 240, 


eD  - 1/240  = 4.2  mV 


(1-65) 


The  detector  input  power  required  to  give  an  eD  of  4.2  mV  is, 
referring  to  Figure  10, 


PPD(dBm)  a -19  dBm 


(1-66) 


Detector  Dj  is  used  as  a temperature  stabilizing  element  to  minimize 
the  DC  offset  effects  of  Dl  (with  no  IF  input,  Re  is  adjusted  until  ey  * 0 
volt).  Resistor  Rb  is  adjusted  to  give  the  desired  normalized  video  voltage, 
eN  (-1  volt).  The  -6-dBm  power  splitter  enables  reading  the  output 
power  variation.  The  IF  output  power  is 
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FIGURE  9.  Square  Law  Detector  AGC  Test  CiicuiL 
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P,F  (dBm)  * PpD  (dBm)  + 6 dBm  (1  -67) 


where  both  outputs  of  the  power  splitter  are  the  same  (/^(dBm)  * 
Ppp( dBm)).  Resistor  Rp  is  used  for  the  low-pass- filter  AGC. 
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Figure  1 1 illustrates  the  variable  gain  characteristics  of  the  IF 
amplifier.  It  will  be  noticed  that  the  variable  gain  slope  varies  with  AGC 
voltage  (this  is  typical  of  many  commercial  variable  gain  IF  amplifiers). 
The  variation  in  X with  AGC  voltage  and  gain  is  given  in  Table  1.  As  can 
be  seen,  there  is  more  than  a three-to-one  variation  in  X.  Thus  the  loop 
gain,  static  regulation  (for  the  low-pass-filter  AGC),  and  rise  time  of  the 
loop  will  be  a function  of  AGC  voltage;  thus  the  input  power,  Pin(dBm). 

The  static  regulation  for  the  low-pass-filter  AGC  was  presented  as 
(Equation  1-S) 


FIGURE  11.  IF  Amplifier  Variable  Gain  Characteristics. 


TABLE  1.  IF  Amplifier  Variable 
Gain  Slope. 


\H()  to 


AGC  voltage,  V 

Gain,  dBm 

X.  dBm/V 

-1.76 

40 

18.2 

-&8S 

30  01 

13.0 

* ■ 2®  *'  (* 

-4J 

10 

— 55- 

V,  >v?A 

(fnfih)0*iA)  riiov 
(‘V\  .19W.ii!  tL'fftm 
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FIGURE  12.  Input  Power  Versus  AGC  Voltage 
(Low-Pass  Filter). 


AGC  VOLTAGE,  V 


FIGURE  13.  Detector  Input  Power  Versus  AGC 
Voltage  (Low-Pass  Filter). 


^o,  SI  (dBm)  - 2.9 


The  predicted  change  in  output  power,  tuing  Equation  1-70,  is 


0-71) 


bPoSLmm)  - 10  log  +,j  . 2.26  dBm  (1-72) 
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and  is  in  excellent  agreement  with  the  measured  value  of  2.9  dBm.  The 
normalized  video  voltage,  eN,  varied  from  -0.78  volt  for  an  AGC  voltage 
of  -1.01  volts  to  -1.42  volts  at  an  AGC  voltage  of -6.87  volts.  Thus  the 
measured  change  in  eN,  A^fdBV),  is 


heN  SL(<MV)  = 20  log  (1.42/0.78)  = 5.2  dBV  (1-73) 


The  predicted  value  is  twice  the  change  in  output  power,  since  the 
change  in  eD  (thus  eN)  in  decibels  with  reference  to  1 volt  is  twice  the 
change  in  input  power  in  decibels  with  reference  to  1 milliwatt  for  a 
square  law  detector  (see  Appendix  B).  Thus, 

A^  si(dBV)  = 20  log  ( —j-  +l)  (1-74) 

eeN  1 

or 

- 20  l0*  [(I)  (8.57)  (I)  +1]  ' 4 5 dBV  (,-75) 

which  also  is  in  excellent  agreement  with  the  measured  value  of  5.2  dBV. 

The  value  for  eN  was  changed  to  -2  volts  by  adjusting  Rb,  and  the 
measured  difference  in  A/^dBrn)  was 


AP0tsi(dBm)=  1.23  dBm 


(1-76) 


The  predicted  value,  using  Equation  1-70,  is 


AP0tSL(dBm)  = 10  log  |^(--(~-^)  (2)  +lj  = 1.28  dBm  (1-77) 


.57)  (2) 

r,8.?  1 


<c'  !>  tn8b  •'  ?+  n .VvAwn*  **  *■ 

L J 
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which  again  is  in  excellent  agreement  with  the  measured  result.  The 
measured  change  in  e^,  tseN  ^(dBV),  was  2.15  dBV.  The  predicted 
change  is  in  excellent  agreement  with  the  measured  value,  as  shown  below. 

^N,StO BV>  * 20  '°8  [(D  ^i  (2)  +1]  = 2-55  dBV  <‘-78> 

The  loop  rise  time  was  measured  for  input  variations  of  ±1  dBm,  ±5 
dBm,  and  ±10  dBm  at  three  input  levels.  Table  2 summarizes  the  results. 

The  equations  predicting  the  loop  rise  time  are  valid  only  for  small 
input  deviations  as  discussed  in  the  preceding  section  and  Appendix  E. 
The  rise  time  for  the  low-pass-filter  loop  was  given  as  (Equation  1-57) 


_ 9-14*c 

r'SL  “ XALAteN 


(1-79) 


TABLE  2.  Loop  Rise  Time  Results. 


Pin.  dBm 

AGC,  V 

X,  dBm /V 

Loop  rite  time,  rr 

s 

-1  dBm 

+1  dBm 

-5  dBm 

+5  dBm 

-10  dBm 

+10  dBm 

-53 

-1.93 

15 

0.7 

0.8 

0.85 

0.6 

1 

0.5 

-37 

-3.16 

9.1 

1 

0.96 

1.1 

0.8 

1.25 

0.7 

-26 

-4.51 

5.5 

1.25 

1.25 

1.6 

1.1 

1.7 

0.9 

The  predicted  values  are  compared  to  the  measured  in  Table  3 (±1  dBm), 
and  as  can  be  seen  there  is  good  agreement. 

The  deviation  in  loop  rise  time  at  large  input  variations  (Table  2)  is 
due  to  the  nonlinear  behavior  of  the  detector  (Appendix  D).  Two 
methods  to  minimize  this  effect  will  be  given  in  Chapter  2. 

The  loop  gain  was  measured  as  illustrated  in  Figure  6.  The  modulating 
frequency  was  well  below  the  low-pass-filter  bandwidth. 

/3dBv(i«0  0*9 
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TABLE  3.  Measured  and  Predicted  Loop  Rise  Times. 


Pin.  dBm 

X.  dBm/V 

rr  (measured),  s 

rr  (predicted-  Eq.  1-79),  s 

-53 

15 

0.8 

0.68 

-37 

9.1 

1 

1.13 

-26 

5.5 

1.25 

1.86 

TA8LE  4.  Low-Pass-Filter 


Loop  Gains. 


Pin.  dBm 

AGC,  V 

X,  dBm/V 

LG 

-50 

-1.95 

15 

25.7 

-35 

-3.19 

9.1 

15 

-25 

-4.53 

5.5 

12.8 

(The  open  loop  frequency  response  for  this  circuit,  C removed,  is  in 
excess  of  3 kilohertz;  thus  the  RFC  filter  will  determine  the  bandwidth 
for  frequencies  up  to  about  1 kilohertz.) 

The  measured  loop  gains  are  listed  in  Table  4.  The  predicted  loop  gain 
is  (Equation  1-36) 


~ 0.23  XA^AteN 


0*81) 


Table  5 compares  the  measured  and  predicted  loop  gains,  which  can  be 
seen  to  be  very  close. 

Figure  9 (with  Rp  removed)  illustrates  the  basic  integrator  AGC  loop 
using  a square  law  detector.  Figure  14  illustrates  the  input  power  versus 
AGC  voltage  for  eN  * - 1 volt.  The  measured  change  in  the  output  power, 
AF0(dBm),  was  0.12  dBm  inputs  from  -65  to  -10  dBm.  The  predicted 
change,  from  Equation  1-22,  is  0 dBm,  which  is  in  excellent  agreement 
with  the  measured  result. 

Table  6 summarizes  the  loop  rise  time  results. 

The  predicted  rise  time,  again  valid  only  for  small  input  variations 
(Equation  1-79),  is  given  in  Table  7,  and  if  agrees  favorably  with  the 
measured  results.  The  value  for  eN  was  doubled,  and  the  loop  rise  time 
was  halved,  as  predicted  by  Equation  1-79. 
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^in*  dBm  I X,  dBm/V  I LG  (measured)  I LG  (predicted) 


25.7  (28.2  dBV)  29.6  (29.4  dBV) 

15  (23.5  dBV)  17.9  (25.1  dBV) 

12.8  (22.1  dBV)  10.8  (20.7  dBV) 


Pjn,  dBm  I AGC,  VI  X.  dBm/V 


TABLE  6.  Integrator  AGC  Loop  Rise  Time  Results. 


Loop  rise  time,  rr.  s 


-1  dBm  +1  dBm  -5  dBm  +5  dBm  I -10  dBm!  +10dBm 


1.95 

15 

0.58 

0.55 

0.68 

3.19 

9.1 

0.95 

0.95 

1.1 

4.53 

5.5 

1.5 

1.4 

1.8 

TABLE  7.  Measured  and  Predicted 
Loop  Rise  Times. 


X.  dBm/V 

rr  (measured),  s 

rr  (predicted),  s 

15 

0.58 

0.68 

9.1 

0.95 

1.12 

5.5 

1.6 

1.86  1 

AGC  VOLTAGE.  V 

FIGURE  14.  Input  Power  Venus  AGC  Voltage  (Integrator,  Square  Law  Detector). 
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The  loop  gain  is  frequency-sensitive,  as  discussed  earlier. 

0.036  XA  kA 

LGsl  Jrc  (i'82) 

The  measured  loop  gain  for  an  input  of  - 35  dBm  (A"  = 9.1  dBm/V) 
was  0.03  with  an  input  frequency  of  10  hertz.  The  predicted  value  is 


(0.036)  (9.1)  (1)(1)(1) 
(10)  (280  X 103)(4  X 10"6) 


= 0.0293 


(1-83) 


which  is  in  excellent  agreement  with  the  predicted  results. 

AGC  loops  employing  linear  detectors  will  now  be  covered,  and  the 
pertinent  equations  will  be  shown  to  be  valid. 


Linear  Detector  Test  Circuit 

Figure  15  illustrates  the  circuit  used  to  verify  the  linear  detector  AGC 
equations.  The  same  variable  gain  amplifier  used  for  the  square  law 
detector  test  circuit  is  used,  as  is  the  detector.  Figure  16  illustrates  the 
linear  characteristics  for  the  HP  5082-2800  detector.  As  can  be  seen,  this 
detector  has  linear  qualities  above  0 dBm. 

A normalized  video  reference,  eN,  of  - 1 volt  is  used;  the  detector 
output,  eD,  is 


eD  * es!Av  (1-84) 
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The  necessary  input  power  to  satisfy  Equation  1-85  is  5 dBm  (Figure 
16).  Thus, 

Ppo( dBm)  = 5 dBm  (1-86) 

and,  referring  to  Figure  15, 

- 5 -25  + 6 = -14  dBm  (1-87) 

The  low-pass-filter  AGC  will  be  discussed  first  (Av  ■ 3.3,  A A * 1,  At  » 
20,  iff  * - 1 volt).  The  static  regulation  may  be  given  as 
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= 20  log  ( +l\  (1-88) 

The  input  power  was  varied  from  -69  to  0 dBm  (A/’jnCdBm)  = 69),  and 
the  AGC  voltage  varied  from  -0.82  to  -7.03  volts  (A AGC  = 6.21  volts), 
as  shown  in  Figure  17.  The  output  power  from  the  6-dBm  power  splitter 
varied  from  -19.6  to  -17.36  dBm  (AP0(dBm)  = 2.24)  over  the  AGC 
range,  as  shown  in  Figure  18.  The  nonlinearities  for  inputs  larger  than 


FIGURE  18.  Power  Splitter  Output  Power  Versus  AGC  Voltage  (LPF, 
Linear  Detector). 
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-10  dBm  are  due  to  the  self-AGC  effects  of  the  input  signal  on  the  gain 
(the  signal  is  large  enough  to  have  a controlling  effect  on  gain).  This 
condition  must  be  avoided  for  linear  operation.  To  avoid  any  effects  of 
self-AGC.  only  inputs  from  -69  to  -10  dBm  will  be  used.  Using  Figures 
17  and  18, 


APin(dBm)  = -59  dBm 

(1-89) 

A AGC=  5.64  V 

(1-90) 

A/>0(dBm)  = 2.11  dBm 

(1-91) 

The  predicted  change  in  output  power  is  (Equation  1-88) 

[5  64 

(77oVi20)  +1J  = 216dBm 

which  is  in  excellent  agreement  with  the  measured  value.  The  normalized 
video  output,  eN , varied  from  -0.895  volt  (AGC-  -0.82  volt)  to  -1.143 
volts  (AGC  = -6.46  volts).  Thus  the  change  in  eN  is  (in  dBV) 


A£yy(dBV)  = 20  log  (1.143/0.895)  = 2.12  dBV  (1-93) 

This  is  the  same  as  the  change  in  output  power,  which  is  to  be 
expected  for  a linear  detector.  Thus 

BV)  * 20  log  ( ^CC  +1 ) = a/>0(dBm)  (1-94) 

\AtsAteN  / 

The  loop  rise  time  was  measured  for  input  variations  of  ±1  dBm  (AGC 
= 3.1;  X * 9.1  dBm/V)  and  was  1.7  seconds.  The  predicted  loop  rise  time 
is  (Equation  1-58) 


36 


Basics  of  Automatic  Gain  Control 


Tr,Lin 


18.3  RfC 
XA^AeeN 


(1-95) 


or 


Tr,Lin 


18.3  (1  X 106)  (22  X 10~6) 
(9.1)  (1)  (20)(1) 


= 2.21  seconds 


(1-96) 


which  is  in  good  agreement  with  the  measured  value. 

The  loop  gain  was  measured  to  be  22  (AGC  = -3.1,  X = 9.1  dBm/V). 
The  predicted  loop  gain  is  (Equation  1-39) 

LGUn  - 0.12  XA^A'Ctf  (1-97) 


or 

LGLin  = 0.12  (9.1)  (1)  (20)  (1)  = 21.8  (1-98) 

which  is  in  excellent  agreement  with  the  measured  value. 

The  linear  detector,  integrator  AGC  loop  is  illustrated  in  Figure  15, 
with  Rp  removed,  C = I/utF,  and  = 1 Mfi.  Figure  19  illustrates  the 
input  power  versus  AGC  voltage.  This  curve  also  deviates  from  the 
expected  at  inputs  larger  than  -10  dBm  due  to  the  self-AGC  effects. 

The  power  output  from  the  6-dBm  power  splitter  varied  from  -18.3 
dBm  (Ppo( dBm)  * 6.7  dBm)  for  -65  dBm  input  power  to  -18.53  dBm 
(fya(dBm)  = 6.47  dBm)  for  -10  dBm  input  power.  Thus  the  output 
power  changed: 

AP0(dBm)  » 6.7  - 6.47  = 0.23  dBm  (1-99) 

which  is  very  close  to  the  0-dBm  change  predicted.  The  normalized  video 
voltage,  ty.  varied  from  -1.042  to  -1.018  volts  over  the  same  input 
power  range.  Thus, 
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1 042 

Ae^(dBV)  = 20  log  = 0.2  dBV  (MOO) 

1 .01  o 


which  is  similar  to  the  change  in  output  power,  as  is  to  be  expected  with 
the  linear  detector. 

The  loop  rise  time  measured  for  an  AGC  voltage  of  -3.1  (X  - 9.1 
dBm/V)  at  ±1  dBm  input  power  deviation  was  1.8  seconds.  The  predicted 
value  (Equation  1-95)  is 


18.3  (1  X 106)  (1  X 10-6) 
(9.1)  (1)  (1)  (1) 


= 2.01  seconds 


(1-101) 


and  is  in  excellent  agreement  with  the  measured  value. 

The  loop  gain  is  0.0147  for  a modulation  frequency  of  10  hertz.  The 
predicted  value  (Equation  1-56)  is 


LGHn 


0.018  XAtAsN 

Jrc 


(1-102) 


or 


LG  Lin 


0)0)0)  ,o.oi64 

10(1  X 106)  (1  X 10r6) 


(1-103) 
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which  is  also  in  excellent  agreement  with  the  measured  value. 

A series  switch  was  placed  between  the  differencing  amplifier,  A and 
the  integrator  to  verify  Equations  1-62  and  1*63.  A pulse  repetition 
frequency  of  1 kilohertz  and  update  time,  Tu,  of  500  microseconds  were 
used.  The  duty  cycle  is  thus 

T 

Dsp£J  = (1104) 


or 


D = (500  X 10"6)  (1  X 103)  = 0.5 


(1-105) 


The  expected  loop  rise  times  are,  from  Equations  1-62  and  1-63, 


9.14  RC 

',M  ’ XAtA,tND 


(1-106) 


Tr.Lin 


18.3  RC 
XAtAteND 


(1-107) 


or  the  loop  rise  times  should  double  for  the  condition  defined.  Measured 
results  show  exact  agreement,  and  Equations  1-62  and  1-63  are  valid. 

The  frequency  response  for  the  low-pass-filter  loop  gain  (loop  gain 
decreased  3 dBV  from  its  low  frequency  value)  may  be  given  as 


D 0.159  D 
/3dBv(i  G>  “ 2 nRC  “ RC 


(1-108) 


It  should  be  noted  that  a holding  capacitor  (sample-hold  circuit)  is 
needed  to  hold  the  error  voltage,  ef,  for  the  low-pass-filter  AGC  in 
pulse-AGC  applications. 
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This  chapter  has  presented  the  basic  theory  and  pertinent  operation 
equations  for  AGC  loops,  and  the  theory  has  been  verified  with  a 
practical  AGC  test  circuit. 


P^ldBm)  PppIdBm)  f>p  e/V 


P|N(dBm) 


.A/^  (dBm) 


n = 1 (linear  detector)  n = 2 (square  law  detector) 

Static  Regulation 


20  / MGC  \ 

A/>0(dBm)«-  'ofl  +1)  'W/V 


MGC 

r»A^0(dBm) 

10  20  -1 


A/*0(dBm)  - — log 


-PppidBrnh 


e(AAGC)  10  20 

KA  yA  ^A  p 


~Ppp  (dBm)n 
ilMGO  10  20 


/»A^0(dBm) 


#•1.59  (linear  detect err  e - 2.5  (square  lew  detector) 


Ae^(dBV)  - nAP0(dBm)  AhAn*N 


hAGC 

Ae^ldBV) 

10  20 


FIGURE  20.  Low-Pasi'Filter  AGC  Design  Equation  Summary. 
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A/*0(dBm) 


20  |"b.12  nXAAGC  “|  __  |”o.12  nXAAGC 

— log  — +lj  ^(dBV)  = 20  log  — +1 


Dynamic  Regulation 

LG  = 0 A2nXA^(aN 


PpQid&m)n 


LG  » bKXAvAtA(  10 


LG 

4A4«*/V  = o.12  nX 

—PpQ(d&m)n 

(LG)  10  20 

A*AtiAe  “ bXK 


b - 0.0756  (linear  detector) 


b “ 0.096  (square  law  detector) 


LG  = 0.12  nX 


A4  GC 
nAR0(dBm) 


LG  =0.12  nX 


AAGC 
Ae^(dBV) 
, 20 


Loop  Risa  Tima 


18.3  PC 


r "Xaaa''nD 


-P^(dBm)n 

_ d\RC)  10  20 

Tf  = XKAyAfrA'D 


0.159  D 

'3dBV<LG)  “ pc 


. 2.2  RC  0.35 

T'  ‘ D V ‘ (LGH^3dBV(LG)l 


d m 29  (linear  detector)  d m 22.9  (square  lew  detector) 
D - LPF  update  duty  cycle 


The  designer  now  has  the  information  necessary  to  design  an  AGC 
loop  to  meet  individual  needs.  If  static  regulation  is  of  paramount 
importance,  the  integrator  AGC  loop  can  be  used,  adjusting  R and  C for 
the  wanted  response  time.  If  input  modulation  is  of  interest,  the 
low-pass-filter  AGC  loop  can  be  used,  defining  R and  C to  give  the 
wanted  loop  gain  frequency  response. 

Figures  20  and  21  summarize  the  equations  presented  in  this  chapter, 
and  will  be  used  in  the  applications  presented  in  the  next  chapter. 
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FIGURE  21.  Integrator  AGC  Design  Equation  Summary. 


2 

Applications 


Chapter  1 presented  and  verified  the  pertinent  equations  necessary  to 
characterize  and  design  AGC  loops.  The  design  of  an  individual  loop  will 
depend  on  the  critical  design  parameter,  static  regulation,  input 
modulation  reduction,  etc.  This  chapter  will  present  several  examples  to 
demonstrate  the  necessary  techniques.  A method  to  overcome  the 
nonlinear  rise  time  with  input  steps  greater  than  ±2  dB  will  also  be 
presented. 

CONTINUOUS  WAVE  LOW-PASS-FILTER 
AGC  LOOP 

A 30-megahertz  AGC  loop  is  wanted  that  will  operate  over  a 
bandwidth  of  at  least  50  hertz  and  have  an  input  modulation  reduction  of 
0.01  (the  output  modulation  is  0.01  times  the  input  modulation,  or  the 
output  increases  0.01%  for  each  1%  increase  on  the  input).  The  other 
design  parameters  are 

- -60;  /»in>milx(dBm)  » - 10:  P0(dBm)  = - 15 

A back  diode  detector,  GE  BD-2,  will  be  used  because  of  its  low  (near 
zero)  offset  voltage,  which  minimizes  the  need  for  detector  temperature 
compensation.2  The  BO-2  has  a diode  constant  of 

3 H.  A.  Watson.  Microwave  Semiconductor  Devicet  end  Their  Circuit 
Applications.  New  York.  McGraw-Hill  Book  Co..  1969. 
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FIGURE  22.  IF  Gain  Versus  AGC  Voltage  (30-MHz  IF  Amplifier). 


KSL  = 1-2 


(2-1) 


and  - IS  dBm  is  well  in  the  square  law  region;  thus, 

(dBm)  = PPD(dBm)  (2-2) 

Figure  22  illustrates  the  variable  gain  characteristic  of  the  IF  amplifier 
used.  As  can  be  seen, 

X = 70  dBm /V  (2-3) 

and  the  AGC  characteristics  are  quite  linear  over  most  of  its  usable  range. 
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A 6-dBm  power  splitter  will  be  used  at  the  IF  amplifier’s  output  as 
shown  in  Figure  23.  Thus, 

P/F(dBm)  = -15  + 6 = -9  dBm  (2-4) 


and  is  well  within  the  output  capabilities  of  the  amplifier  used. 

To  conserve  components,  A A and  Ae  will  be  combined  as  shown  in 
Figure  23.  The  value  for  .4,,  and  A^Ae  may  be  given  as  (Figure  20) 


AvA^A€ 


-PpD(dBm)n 

10.4  (LG)  10  20 

™SL 


(2-5) 


where,  from  Chapter  1, 


LG  a 


1 

IMR 


= 100 


(2-6) 


Now 


AyA^At 


-(-15)2 

(10.4)  (100)  10  20 
(70)  (1.2) 


= 392 


(2-7) 


A video  gain  of  100  will  be  used,  leaving 


392 

100 


- 3.92 


(2-8) 


The  complete  AGC  loop  is  illustrated  in  Figure  23.  Ra  was  set  for  a 
P0(dBm)  of -15  dBm  (£Ref  ■ -0.277)  for  an  AGC  voltage  of  4.12  (near 
the  center  of  the  linear  AGC  characteristic).  Figure  24  illustrates  the  loop 
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FIGURE  23.  30-MHz  AGC  Loop. 


AGC  characteristics.  The  loop  gain  was  measured  and  found  to  be  90, 
which  is  very  close  to  the  designed  value.  Figure  25  illustrates  the  static 
regulation  properties,  and,  as  can  be  seen, 


AP0(dBm)  = 0.5  (2-9) 

for  P in>m|n(dBm)  = -60  and  Fin  max(dBm)  = -10.  The  change  in  AGC 
voltage  over  this  range  is 

bAGC  =0.71  V (2-10) 

and  the  predicted  static  regulation  may  now  be  found; 


2.5  bAGC  10  20 


A/*0(dBm)  * 10  log 


KsLAr*&A* 


(2-11) 


Applications 


or 


AP0(dBm)  ■ 10  log 


-(-15)2 

(2.S)  (0.71)  10  20 

(1.2)  (392) 


0.49  dBm 


(2-12) 


This  is  in  excellent  agreement  with  the  measured  results. 
The  loop  gain  bandwidth,  for  C * 0.1  pF,  is 
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FIGURE  25.  Output  Power  Deviation  Versus  Input  Power. 


/3dB<iG)  = 2^0  (2'13) 
or 


fidB^G)  = 


1 

(6.28)  (28  kft)  0.1  nF 


= 56.8  Hz 


(2-14) 


and  the  measured  bandwidth  was  60  hertz.  The  predicted  loop  rise  time  is 
(Figure  20) 


0.35  2.2  RC 

,,  = ['.C][/3dBv(/.C)]  = I.G 


(215) 


or 


Tr  * 61  /iS 
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At  this  point  the  reader  may  ask,  “Can  the  two  operational  amplifiers 
of  Figure  23  be  combined?”  The  answer  is,  of  course,  yes.  Figure  26 
illustrates  the  ultimate  in  AGC  loop  simplicity.  All  calculations  performed 
for  the  two-operational-amplifier  case  apply  to  Figure  26  as  well  (C  is 
decreased  to  0.01  microfarad  due  to  the  increase  of  R to  392  kilohms). 

The  loop  fain  was  measured  at  y0.  The  static  regulation  is  illustrated 
in  Figure  25  (the  AGC  characteristics  are  the  same  as  in  the 
two-operational-amplifier  case)  and  is  very  close  to  the  predicted.  The 
measured  loop  gain  bandwidth  is  42  hertz,  which  compares  well  with  the 
predicted  value  of  40  hertz.  If  this  loop  is  to  have  a minimum  bandwidth 
of  50  hertz,  decrease  C. 


FIGURE  26.  Single  Operational  Amplifier  30-MHz  AGC  Loop. 


SCANNING  BEAM  AGC  LOOPS 

There  is  much  interest  lately  in  scanning  beam  radars.  The  beam  may 
be  scanned  eithei  electrically  or  mechanically,  but  the  end  result  is  the 
same:  the  return  is  a series  of  pulses  amplitude-modulated  by  the  beam 
pattern,  as  shown  in  Figure  27a.  Figure  27b  illustrates  the  scan  timing 
and  typical  returns.  The  number  of  return  pulses  (p)  depends  on  the  pulse 
repetition  frequency  (PRF),  scan  frequency  (start  scan  to  start  scan),  live 
time,  scan  width  (0),  and  bandwidth  (BW), 
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FIGURE  27.  Scanning  Beam  Radar,  (a)  Basic  scanning  pattern,  (b)  basic 
scan  timing  and  video  return. 


nnr  (BW\  ( % live  time  \ 

P = mF  ( 0 ) ( 100  scan  frequency  / ( ' ) 

One  method  of  AGC  for  scanning  beam  radars  is  to  normalize  the 
maximum  video  return  as  shown  in  Figure  28.  This  technique  normalizes 
the  scan-to-scan  video  return.  The  peak  detector  holds  the  peak  voltage, 
as  shown,  and  the  AGC  loop  normalizes  this  voltage  during  the  integrator 
update  time.  The  loop  rise  time  may  be  easily  calculated  as  (Figure  21) 


18.3  RC 

T'  = nXALA,€ND 


(2-18) 


where 


n 3 1 (linear  detector),  2 (square  law  detector) 
D - integrator  update  duty  cycle 


JO 
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ll 
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PEAK  OETECTOR 
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/ 


INTEGRATOR  UPOATE 


DUMP  AT _START 
OF  START  SCAN 

——►TIME 


■ru*\ 
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FIGURE  28.  AGC  Technique  for  « Scanning  Beam  Radar,  (a)  AGC  loop, 
(b)  timing. 


D may  be  given  as  (Figure  28) 

_ dead  time 

D 

scan  time 

or 

D ■ (dead  time)  (scan  frequency) 
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OPTIMIZING  LOOP  RISE  TIMES 

The  loop  rise  time  calculations  presented  thus  far  are  valid  only  for 
small  steps  in  input  power,  typically  less  than  ±2  dBm.  Tables  2 and  6 
(pages  29  and  31)  illustrate  the  dependence  of  the  input  step  and  polarity 
(increasing  or  decreasing  power)  on  the  loop  rise  time.  As  can  be  seen, 
the  rise  time  increases  for  positive  (increased  power)  input  steps,  and 
decreases  for  negative  (decreased  power)  steps.  This  nonlinearity  is  due  to 
the  inherent  nonlinear  properties  of  the  detector.  Figure  29  illustrates  the 
normalized  instantaneous  detector  output  for  a square  law  detector,  using 


A/ydBm) 

eD  = \0  10  (2-21) 


FIGURE  29.  Instantaneous  Detector  Voltage  Versus  A/>jn(dBm). 


As  can  be  seen,  eD  is  very  nonlinear  for  A/^dBrn)  greater  than  ±2  dBm. 
Thus  the  AGC  integrator,  or  low-pass-filter  input  will  be  very  large  for 
+APin(dBm)  and  very  smaU  for  -APin(dBm)  (e.g.,  for  APin(dBm)  * +5, 
&D  - 3.2  - l = 2.2,  and  for  APin(dBm)  * -5,  keD  » 1 - 0.3  * 0.7). 
Thus  the  rise  times  for  large  +A/>in(dBm)  should  be  expected  to  be 
shorter  than  for  large  -AP^fdBm). 

Certain  AGC  loops  may  require  a more  constant  loop  rise  time  with 
large  values  of  ±A/*in(dBm).  Two  solutions  to  this  problem  are  apparent 
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from  the  previous  discussion:  (1)  have  a shorter  RC  time  constant  for 
-A/^dBm)  steps,  or  (2)  linearize  eD  versus  A/^dBm).  These  two 
techniques  will  now  be  presented. 


Variable  Time  Constant 

Figure  30  illustrates  the  variable  time  constant  circuit.  This  circuit 
replaces  the  differencing  circuit  and  integrator  of  Figure  9.  The  diode, 
D{ , blocks  positive  voltages  (or  +APin(dBm)),  and  the  loop  behaves  as  it 
normally  does;  however,  Dx  turns  on  for  -A/^dBm),  thus  decreasing  the 


FIGURE  30.  Variable  Time  Constant  Circuit. 


integrator’s  RC  time  constant  (Rl  and  Rj  are  now  in  parallel).  The 
transistor  compensates  for  the  0.6-volt  DC  diode  drop.  R{  may  now  be 
adjusted  to  give  equal  rise  times  for  tA/^dBm).  This  idea  works  for 
A/*in(dBm)  as  ±5  dBm,  but  falls  apart  after  that.  A much  better  solution 
would  be  to  linearize  eN  with  respect  to  A/*in(dBm). 


Linearized  Time  Constant 

A logarithmic  amplifier  preceding  the  differencing  amplifier  (Figure  31) 
will  linearize  eN  with  respect  to  APjJdBm).  A logarithmic  amplifier  has 
the  following  characteristics  (Appendix  F briefly  discusses  logarithmic 
amplification). 
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FIGURE  31.  AGC  Loop  Employing  Logarithmic  Amplifier. 


s log  ^2  (Aptj)) 

where 

K^,  K 2 = logarithmic  amplifier  constants 
Now,  for  a square  law  detector, 

PPD(dBm) 

tD  > 0.4  K,  L 10  '» 

and  substituting  Equation  2-23  into  2-22, 


(2-22) 


(2-23) 


1PpDidhm) 

0AKSl  10  10  J (2-24) 


tfj/y^dBm) 

*N  « J5 ♦ log  (**4„  0.4  Ksl)  (2-25) 

Taking  the  derivative  of  Equation  2*25  with  respect  to  /^(dBm), 

■ ■ - m — 


A/>j>(dBm)  10 


(V/dBtn) 


(2*26) 


/ 


/ 

/ 
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or,  the  logarithmic  video  output  has  a constant  slope  of  K\l\0  V/ dBm, 
which  is  the  wanted  result. 

To  calculate  the  static  regulation,  loop  gain,  and  loop  rise  time,  simply 
include  the  logarithmic  amplifier  in  the  calculations  given  in  Appendixes 
C,  D,  and  E.  The  derivation  of  these  equations  is  left  as  an  exercise  for 
the  reader.  Figures  32  and  33  illustrate  the  pertinent  parameters  for  the 
logarithmic  amplifier  AGC  loop. 

An  AGC  loop  will  now  be  designed  using  the  logarithmic  amplifier  to 
optimize  the  loop  rise  time. 


! 

( 

i 


FIGURE  32.  Low*ua  Filter  tad  Log  Video  AGC  D*kp « Summary. 
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FIGURE  33.  Integrator  and  Log  Video  AGC  Design  Summary. 


OPTIMIZED  RISE  TIME,  AGC  LOOP 

Figure  34  illustrates  the  pulse  AGC  configuration  to  be  discussed.  The 
IF  amplifier  is  a commercially  available  60-megahertz  unit.  The  AGC 
characteristics  for  this  amplifier  are  illustrated  in  Figure  35,  and  as  will  be 
seen,  X varies  from  6.25  to  17.S  dBm /V  over  its  useful  range. 
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The  detector  is  an  HP  5082-2800  Schottky  barrier  detector  similar  to 
the  one  used  in  Chapter  1,  Figure  10.  The  detector  will  be  operated  in 
the  square  law  region  (P^(dBm)  * -15),  and  the  value  for  the  diode 
constant,  K$L,  is  0.879  (see  Appendix  B,  Equation  B-9).  The  normalized 
detector  output  may  now  be  found  (Appendix  B). 

PPD  (dBm) 

'D  - 0.4  A :SL  10  10  (2  27) 

or 

=11 

*D  = (0.4)  (0.879)  10  10  = 11  mV  (2-28) 


A 733  video  amplifier  with  a gain  of  10  (20  dBV)  will  be  used;  thus  the 
video  output,  ev,  will  be  (Figure  36) 


ev  * 10  eD  - 110  mV 


(2-29) 
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The  normalized  video  voltage,  eN,  is  to  be  2 volts,  with  an  input  of 
1 10  millivolts.  The  logarithmic  video  amplifier  is  illustrated  in  Figure  37 
and  discussed  more  fully  in  the  reference  cited;3  it  has  the  following 
characteristics: 


h*c 

LS  « — - V/dBV 
40 


(2-30) 


where 

LS  - logarithmic  slope 


If  — 2 mA 


Rc  = 2 ktl 


3 R.  S.  Hughe*.  Logarithmic  Video  Amplifiers.  Dedham,  Mats.,  Artech  House, 
Inc,  1971. 
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that  an  input  of  -20  dBV  (100  millivolts)  will  give  (the  wanted  output  of 
2 volts  (the  predicted  video  output  for  a detector  input  of -15  dBm  is 
1 10  millivolts).  The  instantaneous  input  dynamic  range  into  the  log  video 
is  ±20  dBV  (for  a normalized  2-volt  output);  this  corresponds  to  a 
dynamic  input  power  change,  for  a square  law  detector,  of  ±10  dBm. 
Thus  this  AGC  loop  will  have  an  optimized  loop  rise  time  for  input  steps 
up  to  ±10  dBm.  The  loop  will  be  adjusted  by  varying  ZTRef  until  eN  = 2 
volts. 

Figure  39  illustrates  the  follow-hold  amplifier.  Transistors  Qj  and  Q2 
form  a series  switch.  The  switch  is  normally  closed  (Qj  and  Q2 
saturated),  but  it  opens  when  pin  11  on  the  /nA-9017  (driver  gate)  is 
grounded.  The  capacitor  holds  this  level  until  pin  1 1 goes  to  +5  volts.  The 
gain  of  the  follow-hold  amplifier  is  +1. 

Figure  40  illustrates  the  differencing  amplifier-integrator  combination. 
Switch  Sj  is  the  integrator  update  switch,  and  S2  is  a DC  reset  switch  to 


+10  v 


TO 

DIFFERENCING 

AMPLIFIER 


FIGURE  39.  Follow-Hold  Amplifier. 
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normalize  the  charge  on  the  coupling  capacitor  (this  increases  the  pulse 
repetition  frequency  rate  that  the  loop  can  handle).  The  output  of  the 
differencing  amplifier  (with  no  pulse  present)  is  £Ref.  The  loop  is 
normalized  when  the  input  pulse  to  the  differencing  amplifier,  eN,  is 
equal  to  £Ref: 


eN  ~ EKef 


where 


eN  = normalized  differencing  amplifier  input  pulse  (2  volts) 

Now,  if  the  IF  input  should  increase  after  loop  normalization,  the 
output  of  the  differencing  amplifier  will  be  a negative  pulse  (Figure  41a). 
This  negative  pulse  will  be  gated  by  S1(  and  the  integrator  output  will 
increase  until  the  pulse  is  again  normalized  (Figure  41b).  The  diode,  D, 
across  the  integrating  capacitor  prevents  the  integrator  from  saturating. 
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GND 


CHANGE  DUE  TO  INCREASE  ON  IF  INPUT 

(a) 


GND 


FIGURE  41.  Differencing  Amplifier  Output,  (a)  Increased  IF  input,  (b) 
normalized  output. 


Figure  42  illustrates  the  AGC  delay  (when  AGC  action  starts)  and 
AGC  drive  circuitry,  and  Figures  43  and  44  show  the  threshold  and 
timing  circuitry.  The  time  delay  between  thresholding  and  the  hold  pulse 
is  controlled  by  the  390  fl  resistor  and  the  300  pF  capacitor  (Figure  44), 
and  was  chosen  to  be  2S0  nanoseconds  for  this  circuit.  A hold  pulse  of  7 
microseconds  and  an  integrator  update  time  of  5 microseconds  was  also 
used  as  shown  in  Figure  45.  The  DC  reset  switch  is  closed  except  during 
the  5-microsecond  hold  time. 

It  is  sometimes  necessary  to  design  pulse  AGC  loops  for  a given 
number  of  pulses  (i.e.,  the  AGC  loop  must  close  in  N pulses).  This  may 
easily  be  accomplished  as  follows.  The  loop  rise  time  may  be  given  as 
(Figure  33) 


1.05  RC 

T/  SL  * XA6A,(LS)D 


D is  the  update  duty  cycle  (Equation  1-60), 


(2-32) 


(2-33) 
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r 


where  the  pulse  repetition  interval  (PRI)  is 


PRI  = 


1 

PRF 


Thus 


(2-34) 


_ 1.0S  RC 

Tr  SL  = XAhAt(LS)Tu(PRF) 


(2-35) 


Now  there  are  N PRF  pulses  in  the  loop  rise  time,  rr  SL 
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260  ns  | 

HOLD  PULSE 


7 ms 


INTEGRATOR  UPDATE 


■6  m> 


FIGURE  45.  Pulse  AGC  Timing. 


N=(PRF)  (Tr  SL) 


where 

N = number  of  pulses  necessary  to  close  loop  (10  to  90%) 


or 

N 

rr,SL=  pRF 

Now,  substituting  Equation  2-37  into  2-35, 


_ 1.0S  RC 

" XA„At(LS)Tu 

A minimum  of  65  pulses  is  required  to  * the  loop.  This 
will  occur  for  the  maximum  value  of  X\  thus, 

_ - (65)  (17.5)  (1)  (1)  (0.090)  (5  X !Q-«) 
a . 


or 


(2-36) 


(2-37) 


(2-38) 

number 

(2-39) 


RC  - 4.88  X 10-4 


(2-40) 
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Let  C=  0.1  juF; 


R - 488  x 1Q~4 
0.1  X 10~6 


= 4.88  kft 


(2-41) 


Using  a standard  value  of  4.7  kilohms  for  R gives  results  very  close  to 
those  predicted;  N = 70  pulses  minimum  ( X s 17.5  dBm/V)  and  250 
pulses  maximum  (X  ss  5 dBm/V). 

Figure  46  illustrates  the  AGC  voltage  versus  input  power.  AGC  action 
was  adjusted  to  start  (via  the  AGC  delay)  at  -72  dBm.  The  static 
regulation  was  measured,  and  the  output  power  varied  less  than  0.2  dBm 
over  a 50-dBm  input  dynamic  range. 


FIGURE  46.  AGC  Voltage  Versus  IF  Input  Power. 


This  example  was  presented  to  illustrate  the  techniques  involved.  The 
nonlinear  AGC  gain  slope  does  limit  the  usefulness  of  this  scheme.  More 
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consistent  results  would  be  obtained  using  the  30-megahertz  IF  amplifier 
illustrated  in  Figure  22.  The  reader  will  have  to  justify  to  himself  the 
necessity  for  employing  a logarithmic  amplifier  for  individual  design 
needs. 


CONICAL  SCAN  AGC  AND  FREQUENCY  STABILITY 

In  presenting  the  AGC  loops  we  have  assumed  that  a single  low-pass 
filter  (or  a true  integrator)  determines  the  frequency  response,  and  this 
frequency  response  is  much  less  than  the  open-loop  frequency  response. 
This  is  legitimate  for  many  AGC  needs,  but  not  all.  One  notable 
exception  is  the  AGC  loop  for  conical  scan  radars.4*5  Figure  47a 
illustrates  a typical  conical  scan  radar.  The  angle  return  is  dependent  on 
the  modulation  envelope  of  the  return  pulses  (Figure  47b)  and  phase  with 
respect  to  a reference  voltage  (Figure  47c).  The  resultant  azimuth  and 
elevation  signals  are  shown  in  Figure  47d. 

The  information  necessary  for  angle  tracking  is  usually  obtained  by 
comparing  the  received  video  with  a reference  signal  (Figure  47b  and  c); 
thus  the  signal  modulation  envelope  should  have  no  AGC  at  the  scan 
frequency  (if  AGC  were  applied  at  the  scan  frequency,  no  modulation 
envelope  would  result  due  to  the  inherent  input  modulation  reduction 
characteristics  of  the  AGC  loop).  Furthermore,  any  phase  shift  of  the 
received  modulation  envelope  must  be  kept  small  to  avoid  cross  talk 
between  the  azimuth  and  elevation  angle  loops.  The  loop  gain  at  the  scan 
frequency  must  be  much  less  than  unity  as  will  be  shown. 

The  modulation  characteristics  for  an  AGC  loop  have  been  given  as 
(Equation  1-23) 

C*,e<PP)  , (t*inm\ 

e,f{PP)  ' I * LG  V eJPP)  / (2-42) 


4 M.  I.  Skolnik.  Introduction  to  Radar  Systems.  New  York,  McGraw-Hill  Book 
Co.,  1962. 

5 D.  K.  Barton.  Radar  System  Analysis.  Englewood  Cliffs,  N.J.,  Prentice  Hall, 
Inc.,  1964. 
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FIGURE  47.  Typical  Conical  Scan  Radar,  (a)  Bade  radar,  (b)  received 
target  envelope,  (c)  reference  voltage,  (d)  azimuth  and  elevation  signals. 
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or,  defining  modulation  ( M)  as 


M - tele 


(243) 


M1F 


"in 
1 + LG 


(244) 


The  denominator  of  Equation  242  determines  the  modulation 
characteristics  of  the  AGC  loop.  As  mentioned  earlier,  the  phase  shift 
must  be  small  at  the  conical  scan  frequency;  thus  the  modulation  phase 
shift  (0)  may  be  given  as  (for  small  loop  gain  at  the  scan  frequency) 

0 = tan-1  - — — as  tan-1  (LG)  (245) 

1 + LG 

If,  for  example  the  required  phase  shift  for  a given  conical  scan  radar 
must  be  less  than  2 degrees,  then  the  loop  gain  at  the  scan  frequency 
must  be 

LG  < tan  2 deg  (246) 

or 


LG  < 0.0349  (or  -29.1  dBV) 


(247) 


Thus  some  method  must  be  obtained  to  ensure  a loop  gain  of  -29.1 
dBV  at  the  conical  scan  frequency.  There  are  several  other  requirements 
for  conical  scan  AGC  loops,  and  they  may  be  summarized  as  follows6*7: 


6 D.  J.  Povejsil,  R.  S.  Raven,  and  P.  Waterman.  Airborne  Radar.  New  York,  D. 
Van  Nostrand  Co.,  Inc.,  1961,  pp.  419-26. 

7 J.  C.  G.  Field.  The  Design  of  Automatic-Gain-Control  Systems  for 
Auto-Tracking  Radar  Receivers.  The  Institution  of  Electrical  Engineers,  Monograph 
No.  258  R,  October  1957,  pp.  93-108. 
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1.  There  must  be  high  gain  at  low  frequencies  (static  regulation). 

2.  The  AGC  bandwidth  must  be  adequate  to  ensure  proper  isolation 
from  amplitude  fluctuations  in  the  received  echo  (for  modulation 
frequencies  below  the  scanning  frequency). 

3.  The  phase  shift  must  be  small  at  the  modulation  frequency  to 
minimize  cross  talk.  This  determines  the  loop  gain  necessary  at  the  scan 
frequency  (Equation  2-45). 

4.  To  ensure  adequate  loop  stability  and  transient  response,  a 
minimum  gain  margin  of  6 dBV  must  be  maintained.  Similarly,  a phase 
margin  of  45  degrees  should  be  maintained.  As  the  AGC  loop  is  simply 
that  of  a classical  feedback  system,  whenever  a 180-degree  phase  shift  is 
obtained  for  loop  gains  greater  than  unity  (0  dBV),  oscillations  will  occur. 

5.  In  pulsed  systems,  it  is  necessary  io  provide  a minimum  gain  margin 
of  at  least  6 dBV  at  one-half  the  pulse  repetition  frequency  to  ensure 
stable  operation.7 

The  low-pass-filter  loop  (Figure  2a)  is  the  most  practical  one  to  use  in 
conical  scan  AGC.  A simple  example  will  now  be  given  to  illustrate  the 
techniques  involved.7 

A conical  scan  AGC  is  needed  that  has  the  following  parameters: 

^in.min  dBm  ^in.max  “ dBm 

A/^dBrn)  < ±1  dBm  linear  detector 
Conical  scan  frequency  3?  30  Hz  PRF  = 2 kHz 
<p  < 2 degrees  A AGC  - 5 volts 

tff  = 1 volt 

The  total  input  dynamic  range  is 

APin(dBm)  = -90  + 10  = 100  dBm  (2-48) 

Using  Figure  20, 
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, , MGC 

A f6N  ~ «A/>0(dBm) 

10  20  -1 

(2-49) 

since 

n = 1 (linear  detector) 

(2-50) 

~ i 

1020  -1 

(2-51) 

The  loop  gain  may  now  be  given  as  (Figure  20) 

LG  = 0.12  nXA^AeeN 

(2-52) 

where 

X = dBm/V  = 100/5  = 20 

(2-53) 

Thus 

LG  = (0.12)  (1)  (20)  41  = 98.4  (or  39.9  dBV) 

(2-54) 

Equation  2-45  relates  the  loop  gain  necessary 
maximum  phase  shift  at  the  conical  scan  frequency, 

to  give  the  wanted 

LG  < tan 

(2-55) 
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or 


LG  < -29.1  dBV 


(2-56) 


Thus  the  loop  gain  must  be  39.9  dBV  at  low  frequencies  and  decrease  to 
-29.1  dBV  (69  dBV  change)  at  the  conical  scan  frequency,  30  hertz. 
Also,  any  phase  shift  must  be  less  than  180  degrees  for  any  loop  gain 
greater  than  0 dBV,  and  the  loop  gain  must  be  less  than  -6  dBV  at 
one-half  the  PRF  (or  loop  gain  must  be  less  than  -6  dBV  at  1000  hertz). 
The  easiest  solution  is  to  use  a twin-T  filter  in  series  with  a suitable 
low-pass  filter.  It  should  be  pointed  out  that  the  variable  gain  slope,  X , is 
usually  not  linear;  thus  the  loop  gain  will  vary  as  X varies,  and  the 
designer  must  ensure  that  the  loop  remains  stable.  Field7  has  an  excellent 
discussion  on  filter  techniques  necessary  for  conical  scan  radar  AGC 
stability. 

CRYSTAL  VIDEO  AGC 

Radar  receivers  are  sometimes  required  to  have  a very  large 
instantaneous  bandwidth.  One  simple  method  of  achieving  this  is  with  a 
crystal  video  receiver  as  shown  in  Figure  48. 

The  basic  operation  and  analysis  of  the  crystal  video  AGC  loop  are 
exactly  the  same  as  for  the  loops  previously  described,  but  without  the 
added  complexity  of  the  detector  (the  detector  is  outside  the  AGC  loop), 
derivations  of  the  pertinent  design  equations  are  exactly  the  same  as 
outlined  in  Appendixes  C,  D,  and  E,  and  are  summarized  in  Figures  49 
and  50. 
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FIGURE  48.  Basic  CrytU I Video  Receiver. 
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FIGURE  49.  Low-Pan  Filter,  Crystal  Video  AGC  Loop  Design  Equations. 
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Static  Regulation 

Atfjy(dBV)  3 0 


Dynamic  Regulation 


LG 


0.115  XAAAeeN 
fRC 


A*AteN 


LG  f RC 
0.115  X 


Loop  Rise  Time  (10  to  90%) 


18.3  RC 

Tr  = XA^A(DeN 


RC  = 0.055  TrXA^AeDeN 


X = variable  gain  slope  (dBV/Y)  O = integrator  update  duty  cycle 


FIGURE  50.  Integrator,  Crystal  Video  AGC  Loop  Design  Equations. 
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Appendix  A 


POWER-VOLTAGE  RELATIONSHIPS 
FOR  A 50-OHM  SYSTEM 


IF  INPUT  1 A IF 


IF  OUTPUT 


eQ(PP) 


P - - = 0.02  (eRMS)2  eRMS  = 7.07  \fF 

e(PP)  = 2.83  sRMS  e(PP ) = 20  VT 


e(dBV)  " 20  log  e(PP)  = 10  log  P + 26 


P(dBm)  * 10  log  P + 30 


a(dBV)  - P(dBm)  - 4 P(dBm)  = 20  log  e(PP)  + 4 


•iPP)  - 10 


P(dBm)  ~ 4 P(dBm) 

i 20  - (0.63)  10  20 


FIGURE  A-l.  Power-Voltage  Relationships  for  a 50-Ohm  System. 
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BASIC  DETECTOR  CHARACTERISTICS 


The  crystal  diode  detector  converts  the  IF  waveform  into  a DC 
waveform  for  continuous  wave  AGC,  or  into  pulses  for  pulse  AGC.  The 
basic  characteristics  for  detectors  are  square  law  for  low  input  powers 
(the  output  voltage  increases  2 dBV  for  each  dBM  increase  in  input 
power),  and  linear  for  high  input  powers  (the  output  voltage  increases  1 
dBV  for  each  dBm  increase  in  input  power).  Watson2  covers  detector 
characteristics  in  detail;  however,  several  important  characteristics 
pertinent  to  AGC  design  will  be  presented  here. 

Figure  B-l  illustrates  the  input-output  characteristics  for  a typical 
Schottky  barrier  detector  (HP  5082-2800).  The  square  law  characteristics 
will  be  covered  first,  then  the  linear. 

The  square  law  detector  characteristics  extend  for  input  powers  of -8 
dBm  and  lower.  The  output  voltage,  eD , may  be  given  as 


‘D  =*SL  \'FDmf 


(B-l) 


where 


Ksl  ~ diode  constant 


The  diode  constant  is 
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kSL  = 


eD 


(B-2) 


A curve  relating  eD  to  ePD(PP)  is  seldom,  if  ever,  given.  The  value  of 
Kg i may  be  found,  provided  a curve  similar  to  that  in  Figure  B-l  is 
given,  as  follows: 

Using  Equation  B-l , 


20  log  eD  SL  = e^(dBV)  = KSL( dBV)  + 40  log  ePD{PP)  (B-3) 
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A'5i(dBV)  = eD(dBV)  = -40  log  ePD(PP) 


(B-4) 


Substituting  /^dBrn)  for  ePD(PP)  (Appendix  A), 


Ksl( dBV)  = ^(dBV)  -2  PPD(dBm)  +8 


eD  (dBV)  -2  PPD( dBm)  +8 
Kc,  = 10  20 


Simplifying, 


ez>(dBV)- 
, 20 


Ksl=2.5\  1 10  20 


and  simplifying  further, 

-ffg(dBm) 

KSL  ~ 2-51  eD  10  10 


—P  p£j(dBm) 
10  10 


(B-5) 


(B-7) 


(B-8) 


Referring  to  Figure  B-l,  the  square-law  diode  constant  is  (Pp£,(dBm)  = 
-20,  eD  = 3.5  mV) 


-(-20) 

Ksl  = (2.51)  (3.5  X 10-3)  10  10  =0.879 


(B-9) 
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Knowing  KSL,  eD  for  any  ?/>£,( dBm)  may  be  found  by  solving 
Equation  B-8  for  eD : 

P pflWBm) 

eD  = 0-4  *SL  10  r°  (B-10) 


or,  if  e£,(dBV)  is  wanted, 

^(dBV)  = K5i(dBV)  + 2 ^(dBm)  - 8 (B-l  1) 

The  dynamic  detector  gain,  AD  (V/V)  is  important  in  finding  the 
loop  gain.  The  dynamic  detector  gain  may  be  found  for  a given 
normalized  input,  ePD(PP),  by  differentiating  Equation  B-2: 

AD,SL(yiy)  = d~ePQ(PP)  ^ ePD(pp ) = constant)  (B-l  2) 

or 

*D.Sl(V/V)  - 2 KSLePD(PP)  (B-l 3) 

Referring  again  to  Appendix  A for  e(PP), 

Ppp~ 4 

'Vsi.WV)  = 2 Ksl  10  20  (B-l 4) 

or 

fppfdBm) 

ADSLVI\)~\.2iKSL  10  20  (B-15) 
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The  dynamic  detector  gain  in  V/dBm,  Adsi(V/ dBm),  is  needed  when 
solving  for  the  loop  rise  time,  rr.  This  gain  may  be  found  by 
differentiating  Equation  B-10.  The  solution  to  this  differentiation  is 

P j>£j(dBm) 

ADtSLW*m)  = 0.°92  KSL  it)  10  (B-l  6) 


The  voltage  gains  for  the  diode  illustrated  in  Figure  B-l  are,  assuming 
PPD( dBm)  = -30  dBm, 


-30 

ADisl(V/V)  = (1.26)  (0.879)  10  20  = 0.035  V/V  (B-17) 


-30 

AD  SL (V/dBm)  = (0.092)  (0.879)  10  10  = 8.09  X 10~5  V/dBm 

(B-l  8) 

Figure  B-2  summarizes  the  square  law  detector  characteristics. 

Linear  detector  characteristics  extend  for  input  powers  larger  than  -2 
dBm  for  the  HP  5082-2800  detector  (Figure  B-l).  The  output  voltage 
may  be  given  as 


eD  ~^Lin 


(B-19) 


where 


Knn  ~ diode  constant 


Since,  using  Appendix  A, 


* 
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JllftA U 1 

u^uu  n 

ePD(PP) 

eD 

PpD(dBrr\) 

eD~KSL  [°PD(pP)]2  - 0.4  Ksl  10  10 

Ppp( dBm)  = 10  log  eD  - 10  log  + 4 = 

eD(dBV) 

2 -*SL<dBV)+4 

[*0.25  eDl 

PPq( dBm)  * 10  log 

-^pjjIdBni) 

**'[•«,«■*]*  ' >D  ’° 

10 

*£>,SL(V/V)  “ 2 *SL  «PD(W 

V/V 

PpQ  (d  Bm ) 

AD£L(S,tV)  - 1.26  /CSjL  10  20 

V/V 

PPq(  dBm) 

(V/dBM)  - 0.092  K$L  10  10 

V/dBm 

^O^t^/dBn1)  “ 0.23  Bq 

V/dBm 

FIGURE  B-2.  Square  Law  Detector  Characteristics. 


P pj)(d  Bm) 

ePD(PP)  = (0.63)  10  20 


(B-20) 


Equation  B-19  becomes 

P pjj(dBm) 

eD  = 0.63  KLin  10  20 


(B-2 1 ) 
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K Hn  for  the  detector  may  now  be  found  by  solving  Equation  B-21: 

-f/>p(dBm) 

KLin  = 1-6  10  20  (B-22) 

Referring  to  Figure  B-l,  the  linear  detector  diode  constant  for 
/^(dBm)  = +10,  eD  = 0.52,  is 

-10 

KLin  = (1.6)  (0.52)  10  20  = 0.26  (B-23) 

The  dynamic  detector  gain,  (V/V),  is 

d eD 

AD,Lin  (v/v)  = J~pD(pp)  ( ePD(PP ) = constant)  (B-24) 

or 

AD,LirSy  1^0  ~ K Lin  (B-25) 

Thus  for  the  diode  under  discussion, 

AD,Lin(V/V)  = 0.26  V/V  (B-26) 

The  dynamic  detector  gain  in  V/dBm,  AD  Lin(V/ dBm)  can  be  found 
by  differentiating  Equation  B-21, 

t*  j>£(dBm) 

*DtLin(y/ dBm)  = 0.073  KUn  10  *0  (B-27) 
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Appendix  C 


STATIC  REGULATION  CALCULATIONS 


The  static  regulation  of  AGC  loops  will  now  be  given.  Figure  la 
illustrates  the  basic  loop  configuration. 

The  AGC  voltage  is 

AGC  = f ~AveD)  (C-l) 

The  voltage  will  vary  as  the  input  power  is  changed.  The  change  in  AGC 
voltage  may  be  given  as 

MGC  = AhAeAvteD  (C-2) 

where  heD  is  the  maximum  permissible  change  in  detector  output  for  the 
wanted  change  in  input  power.  may  be  given  as 

~ eD, max  " eD, min  (C-3) 

eD  is  related  to  detector  input  power,  for  a square  law  detector,  by 
(Appendix  B) 
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ppD(  dBm) 

eD=OAKSL  10  10 


(C-4) 


Substituting  Equation  C-4  into  C-3, 


&eD  - 0.4  Ksl  £ 


PPD.  max(dBm) 
10  10 


_ (C-5) 


•] 


This  equation  may  be  rewritten  as 


/SeD  = 0.4Ksl  10  10 


10  10 


-1 


(C-6) 


10  10  -lj  (C-7) 

where 


WpD'SlW™)  = P,PD,max(dBm)  ~ P/>Z),min(dBm) 


Substituting  Equation  C-7  into  C-2  yields 

| pd.sl (dBm)  | 

A AGC^AyA^eo^  |_10  1°  -lj  (C-8) 
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and  solving  Equation  C-8  for  &PPD( dBm)  gives 

A/W(dBm)  = 10  log  ( - - +1  | 

V^A^D.min  / 

Since  the  variable  gain  IF  and  predetector  IF  amplifiers  are  linear, 


= AP/F(dBm) 


(C-10) 


and 


^/F,SL(d8m)  = 10  1°B 


The  average  value  for  eD  N is 


( 


MGC 


hAeeD,m\n 


+ 1 


) 


(C-ll) 


eD,N  ~ 


eD,  max  + eD,min 


(C-12) 


If  eD  N is  adjusted  in  the  mid-AGC  range,  — - — * 


bPIFSL{.Mm)  = 10  log  / --  — +l\ 

\^v^^eeD,N  J 


(C-13) 


The  same  procedure  can  be  used  to  find  the  static  regulation  for  linear 
detectors: 


* If  the  AGC  voltage  doe*  not  start  at  zero  volts,  AAGC/2  must  be  added  to  the 
voltage  at  which  the  AGC  action  does  start. 


Static  Regulation  Calculations 


AP IF,Lin(dBm ) = 20  lo& 


( 


A AGC 

A\AbAeeD,N 


(C- 1 4) 


Noting  that 


AveD,N  ~ eN 


(C-15) 


Equations  C-13  and  C-14  become 


and 


= 10  1°8 


= 20  lo8 


/ AAGC 

\AtAeeN 


/ A AGC 

\AtAeeN 


(C-16) 


(C-17) 


The  IF  output  may  be  divided  (power  split)  to  drive  two  or  more 
circuits.  Provided  all  circuitry  is  linear,  the  change  in  power-split  output, 
AP0(dBm),  will  be  the  same  as  AP/^dBm). 
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Appendix  D 

AGC  GAIN  CALCULATION 

The  loop  gain  of  the  AGC  loop  is  dependent  on  the  AGC  gain  of  the 
variable  gain  IF  amplifier.  The  AGC  gain  is  defined  as  the  change  in  IF 
output  voltage  for  a given  change  in  AGC  voltage,  or 

A eIF{PP) 

aAGC  = (Pin(dBm)  = constant)  (D-l) 

where 

keIF{PP)  = eIF  max(PP)  - eIF 

,min  (PP) 

AAGC  = AGCmax  - AGCmin 
AGCmin  = AGC  voltage  for  minimum  gain 
i4GCmax  = AGC  voltage  for  maximum  gain 
The  IF  output  power  is 

PrF(  dBm)  = X{AGQ  (D-2) 

The  IF  output  voltage  in  terms  of  output  power  is  (Appendix  A) 
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PJF<.  dBm) 

eIF{PP)  = (0.63)  10  20 


or,  substituting  Equation  D-2, 

X(AGQ 

eIF{PP)  = (0.63)  10  20 


The  change  in  amplifier  output  voltage  now  may  be  written  as 


telF{PP) 


= 0.63  [ 


X(AGC)mkx  X(AGC)min 
10  20  _ jo  20 


(D-5) 


telFiPP) 


= 0.63  (l 


X(AGQt 
10  20 


10  20 
X(AGQmin 
10  20 


(D-6) 


or,  using  Equation  D-4  and  simplifying, 


I XtAGC  \ 

AeIFm  - (io  “ -i) 


(D-7) 


The  parenthetical  term  in  Equation  D-7  is  of  the  general  form  aY. 
Expanding  this  exponential  function, 


aY  • 1 + 


rMa)t  pt ttj  .p£L] 


+ . . . (D-8) 
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Provided  Y is  small  ( Y < 0.5),  Equation  D-8  simplifies  to 


aY  a 1 + Y In  (a) 


(D-9) 


Equation  D-7  now  becomes 


txIF<PP)  = (In  10) 


(D-10) 


or 


6eIF(PP)  = 0.1 15  XMGC  eIF  min(PP) 


(D-H) 


Now  Equation  D-ll  may  be  solved  to  find  the  AGC  gain, 


aagc  ~ 0.\\SXe/F mi„(PP) 


(D-12) 


and  this  equation  is  valid,  to  within  10%,  for 
XtAGC 


20 


<0.5 


(D-13) 


The  eIF  mm(PP)  term  may  be  replaced  by  eIF{PP)\  thus, 


AAGC  - QA\5XeIFiPP) 


(D-14) 
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LOOP  RISE  TIME  CALCULATIONS 


The  loop  rise  time  for  the  integrator  AGC  loop  (Figure  2b)  will  now 
be  found.  The  general  method  will  be  to  solve  for  the  AGC  voltage  in 
terms  of  input  power.  This  equation  can  then  be  differentiated  to  find 
the  change  in  AGC  voltage  with  change  in  input  power. 

The  AGC  enor  voltage,  ee,  is  zero  under  static  conditions;  however,  if 
the  input  power  is  increased,  the  error  voltage  will  increase  and  fall  back 
toward  zero  as  the  loop  nulls.  This  error  voltage  may  be  given  as 


et  ~Av^LeD  " ^A^Ref 


(E-l) 


The  value  for  eD  may  be  given  as  eD  the  normalized  or  static  value, 
plus  6eD,  the  change  in  eD  due  to  a change  in  input  power.  The  static 
value  for  eD  may  be  given,  for  a square  law  detector,  as  (Appendix  B) 

ppp.fAdBm) 

eD,N  9 &SL  W 10  (E-2) 

The  value  for  is 

&D  9 Mo.SZ. (V/dBm)l  lA/V,D(dBm)l  (E-3) 
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or,  from  Appendix  B, 

= 0.23  eD  N A/JpD(dBm)  (E-4) 

where 

eD,N  9 normalized  detector  output  voltage 
The  instantaneous  detector  output  may  now  be  given  as 

eD  9 eD,N  + 0*23  eD  N [A/>pD(dBm)]  (E-5) 

The  value  for  APj»^(dBm)  may  be  given  as 

A/* p^(dBm)  = P p^(dBm)  - P p/^jvfdBm)  (E-6) 

since 

J7>D(dBm)  ■ Pjn(dBm)  + A//r(dBm)  + APD(  dBm)  (E-7) 

and  (Figure  3) 

AIP(dBm)  - A0(dBm)  - X(AGQ  (E-8) 

JV/>(d Bm)  ■ Fjn(dBm)  + A0(dBm)  - X(AGC)  + 4^(dBm)  (E-9) 

Equation  E-5  now  becomes 
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eD  ■ eD  N { 1 + 0.23  [^(dBrn)  + i40(dBm)  - X(AGC)  + ^^(dBm) 
-'W(dBm)]  f (E-10) 

The  error  voltage  may  now  be  written  as 


et  1 ♦ 0.23  [/^(dBm)  + /40(dBm)  - X(AGC)  +i4/»£)(dBm) 

j (E- 11) 

The  integrator  output  is 
^ et(S)A' 

AGCXS)  * ~RCS  (E*12) 

Substituting  Equation  E-12  into  E-ll  and  solving  for  AGC(S), 


AGC(S )«  AyA^A, 


.23  [Pin(dBm)  +i40(dBm)  ^^(dBm) 


l«(*D,yvj  1+0.; 

' FRef)\, 

- XAGCXS)  - PfD  N{ dBm)]  - — j j /(RCS  + 0.23  XAyA„AteD  N) 


(E-13) 


To  find  the  change  in  AGC  voltage  for  a given  change  in  input  power, 
Equation  E-13  is  differentiated  with  respect  to  Pin(dBm),  giving 


A AGCXS)  0.23  AyAtAteDjj 

AP|„(dBmX5)  M RCS*  0.23  XAyALAMeD  N 


(E-14) 
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Loop  Rise  Time  Calculations 


AveD,N  ~ eN 


(E-21) 


9.13  RC 
XAhAteN 


(E-22) 


Using  the  same  procedure,  the  loop  rise  time  for  the  linear  detector  is 


rr,Lin  ~ 


18.3  RC 


XALAteN 


(E-23) 


The  loop  rise  time  for  the  low- pass-filter  AGC  loop  is  similar  to  that 
for  the  integrator  AGC  loop.  One  main  difference,  however,  is  that  the 
error  voltage  is  zero  for  the  integrator  AGC  loop  under  static  conditions, 
and  is  finite  for  the  low-pass-filter  loop.  The  error  voltage  is  small  for  a 
well-designed  low-pass-filter  AGC  loop  and  may  usually  be  neglected.  The 
AGC  voltage,  for  a square  law  detector,  may  be  given  as 


MGCXS)  = 


0.23  AyALAteD  n 


1 + RCS  + 0.23  XAyA^AteD  N 


APin(dBm)  (5)  (E-24) 


The  AGC  voltage  for  a step  change  in  input  power  is 


0-23  A^^A^d  ^ APjn(dBm) 

tAGC(S)  « RCS  + Q23  +1  L S 


(E-25) 


If 


o.23  n » » 


(E-26) 
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BASICS  OF  LOGARITHMIC  AMPLIFICATION 
jrithmic  amplifier  has  an  input-output  relationship  given  by 
eout  log^ein  (F-l) 


where 

/Tj  * slope 

Af2  3 logarithmic  offset 

There  are  several  ways  to  consider  the  relationship  expressed  in 
Equation  F-l.  Figure  F-l  a illustrates  Equation  F-l  on  linear  scales  (for 
two  values  of  and  K2)-  (For  simplicity  0 < ein  < 10,  = 0.5  and  1, 

and  K 2 3 1 and  2.)  As  will  be  noted,  the  output  is  compressed  for 
increasing  inputs.  Figure  F-2b  also  illustrates  Equation  F-l,  but  with  the 
abscissa  on  a logarithmic  scale  (log  ein).  As  is  to  be  expected,  the 
input-output  relationship  is  a straight  line.  Rewriting  Equation  F-l, 


*out  * K\  ‘in  + *1  to8  *2  (F*2) 


one  can  easily  see  that  increasing  K2  will  increase  the  output  for  any 
input  by  a constant  term  (A]  log  K2)  end  will  have  no  effect  on  the 
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CONSTANT  TERM 
(LOG  K2)>/ 


\*l'K2=y 

jt  tcdu  Slog  2 €t 
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k1-k2  = 1 


Constant 

factor 

(ATx> 


0.5  LOG  e, 


Kx  = 0.5 

k2  = 1 


*OUT  = *1  LOG  K2  eIN 


INPUT  (e|N),  V 


(a)  e linear  scale. 


eOUT  = Kl  LOG  k2  eIN 


*!  = 1.  K2  = 2/K,  = l 


LOG  2 e, 


CONSTANT  TERM 
(LOG  *2)'^ 


K 2='j 


rLOG  e. 


Constant 
f FACTOR 
<^1>  > 


rKx  = 0.5 

k2  • 1 


*0.5  LOG  e, 


0.5  1.0 

•NPOT(e,N).V 

I i 


-15  -10  -5  0 5 10 

INPUT  («|N),  dBV 

(t»  «(n  logarithmic  and  decibel  scale. 
FIGURE  F-l.  Characteristics  of  Equation  F-l. 


s.o  10.0 


10  15  20 


IKHilirrr'^" 
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slope,  Kx.  Increasing  will  increase  the  slope  and  increase  the  output 
by  a constant  factor  (tfj). 

When  dealing  with  logarithmic  amplifiers,  the  output  logarithmic  slope 
( LS ) is  usually  specified  in  V/dbV.  This  slope  may  be  defined  with  the 
a<d  of  Figure  F-lb  (dBV  scale)  as 


eout,l  “ ^1  &2  ein,  1 

eout,2  = l°g  *2  ein,2 
Defining  Aeout  as 

^out  “ eout,2  “ eout,l 
or  using  Equations  F-3a  and  F-3b, 

^out  * ( l0g  ^ j 

letting 

ein,2 

° 10  (or  1 decade) 

ein,l 

Equation  F*4b  may  now  be  written  as 
A*out  " *1  *>«  W 


(F-3a) 


(F-3b) 


(F*4a) 


(F-4b) 


(F-5) 
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The  logarithmic  slope  is 


LS  = 


K\  volts 
decade 


(F-6) 


One  decade  equals  20  dBV  (20  log  10  = 20  dBV),  and  Equation  F-6 
may  be  written  as 


/ volts  \ 

20  V dBV  / 


(F-7) 


The  input  to  a logarithmic  amplifier  is  often  expressed  in  dBV  (dB 
referenced  to  1 volt): 


ein(dBV)  = 20  log  e 


in 


or 


g.  3 10 
Kin 


^in(dBV> 
20 


Equation  F-l  may  now  be  written  as 


I e«n(dBV)  \ 

*out  = *1  lo8  \ 10  20  / + *llo8*2 


or 


«outs +*tl0**2 
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(F-8b) 


(F-9a) 


(F-9b) 
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Thus,  from  Equations  F-9b  and  F-7  and  Figure  F-lb,  it  may  be  seen 
that  the  output  increases  K j/20  volts  for  each  dBV  increase  in  the  input. 

Varying  K2  will  increase  the  output  by  a constant  term  (Equation  F-2) 
and  also  will  shift  the  value  of  ein  for  eout  = 0.  The  value  of  ein  for  eout 
= 0 may  easily  be  found  by  solving  Equation  F-l  with  eout  = 0. 


eout  * Ki  lo8  *2  ein  9 0 


(F-10) 


or 


(F-l  la) 


If  K2  is  given  in  dBV  (20  log  K2),  the  input  for  eout  = 0 is 


ein(dBV)=-tf2(dBV)  (F-l  lb) 

The  incremental  linear  gain  for  the  logarithmic  amplifier  is  needed 
when  solving  for  the  loop  gain  and  static  regulation.  This  incremental  gain 
may  be  given  as 

dtQ 

A\og  * 77~  “ c01*84"11)  (F-l  2) 

aein 

or 


1 0.43  Kx 

A\oi  9 0°8  *)  “ * (F-l 3) 

*in  eln 


However,  substituting  Equation  F-7  for  Klt 
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Nomenclature 


A 

aagc 

AD,Lin 

AD,SL 

i4//?(dBm) 

AInt 

,40(dBm) 

apd 

Av 

al 

A' 

B 

BW 

CR 

D 

dBm 

dBV 

^Ref 

€D 

eDN 

elF,PP 

*N 


Conventional  gain  term 
Dynamic  AGC  gain 

Dynamic  detector  gain  for  linear  detector 
Dynamic  detector  gain  for  square  law  detector 
IF  amplifier  gain,  in  dBm 
integrator  frequency  dependent  gain 
Maximum  IF  amplifier  gain,  in  dBm 
Predetector  amplifier  gain 
Video  amplifier  voltage  gain 
Differencing  amplifier  gain 
Error  amplifier  voltage  gain 
Conventional  feedback  factor 
Antenna  beamwidth,  in  degrees 
Compression  ratio 

Integrator  or  low-pass-filter  loop  update  duty  cycle 
Decibel  referenced  to  1 milliwatt 
Decibel  referenced  to  1 volt 
AGC  reference  voltage 
Detector  output  voltage 
Normalized  detector  output  voltage 
Peak-to-peak  IF  amplifier  output  voltage 
Normalized  video  output  voltige 


Nomenclature 


ePD,PP 

erms 

e\ 

f 

fzdB\(LPF) 

IMR 

h 

i 

K\,K2 

KLin 

ksl 

LG 

LG  Lin 

LGSL 

LS 

Mo 

Ml 

Mjp 

N 

P 

P 

PIF.  max(dBl") 

^/F,min(dBm) 

^(dBm) 

^in,max(dBm) 


Peak-to-peak  detector  input  voltage 

Root  mean  squared  voltage 

Video  amplifier  output  voltage 

Frequency  in  hertz 

Loop  gain  3 dBV  frequency  response 

Low-pass-filter  3 dBV  frequency  response 

Input  modulation  reduction 

Constant  current  source  in  milliamperes 

yTT 

Logarithmic  video  amplifier  constants 
Linear  detector  diode  constant 
Square  law  detector  diode  constant 
Loop  gain 

Loop  gain  for  linear  detector 

Loop  gain  for  square  law  detector 

Logarithmic  amplifier  slope,  in  V/dBV 

Output  modulation 

Input  modulation 

IF  amplifier  output  modulation 

Number  of  pulses  needed  to  normalize  loop  from 
10  to  90% 

Power,  in  watts 

Number  of  pulse  returns  for  a scanning  beam  radar 

Maximum  IF  amplifier  signal  output  power,  in 
dBm,  for  AGC  action 

Minimum  IF  amplifier  signal  output  power,  in 
dBm,  for  AGC  action 

Signal  input  power,  in  dBm 

Maximum  signal  input  power,  in  dBm,  for  AGC 
action 
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J’in.minO®™) 
PQ(d  Bm) 

Poti(  dBm) 

/^(dBm) 

PRF 

PRI 

Pc 

S 

T 

Mu 
^ pulse 

X 

ZF 

hAGC 

CAGC' 

& if.PP 
Ae^dBV) 

teNLin^V) 

Ae/V,j£(dBV) 

b*PD,rP 

te'jp 

&PIF(dBm) 

A/»,n(dBm) 

^/F,Kn(dBm) 


Minimum  signal  input  power,  in  dBm,  for  AGC 
action  (sometimes  referred  to  as  AGC  delay). 

Signal  output  power,  in  dBm 

Normalized  signal  output  power,  in  dBm 

Detector  input  power,  in  dBm 

Pulse  repetition  frequency 

Pulse  repetition  interval 

Collector  resistor 

Laplacian  S 

Integrator  or  low-pass-filter  AGC  loop  update  time 

Integrator  or  low-pass-fllter  time  constant 

Slope  of  variable  gain  amplifier,  dBm/V  for  IF 
amplifiers;  dBV/V  for  video  amplifiers 


Operational  amplifier  feedback  impedance 

Change  in  AGC  voltage  into  IF  amplifier 

Change  in  AGC  voltage  at  error  amplifier  output 

Peak-to-peak  change  in  IF  amplifier  output  voltage 

Change  in  normalized  video  output  in  dBV 

Change  in  normalized  video  voltage,  in  dBV,  for 
linear  detector 

Change  in  normalized  video  voltage,  in  dBV,  for 
square  law  detector 

Peak-to-peak  change  in  detector  input  voltage 


Peak-to-peak  change  in  error  voltage 
Change  in  IF  amplifier  output  power,  in  dBm 
Change  in  input  power,  in  dBm 

Change  in  IF  amplifier  output  power,  in  dBm  for 
linear  detector 


r 


Nomenclature 


AP0(dBm)  Change  in  output  power,  in  dBm 

6 Scanning  beam  radar  scan  width,  in  degrees 
0 Conical  scan  modulation  phase  shift,  in  degrees 
Tr,Lin  Loop  10  to  90%  rise  time  for  linear  detector 
Tr,SL  Loop  10  to  90%  rise  time  for  square  law  detector 
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